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Introduction

This document is the successor to the June 1996 April 1994 version of "High-Tech I/M Test

Procedures, Emission Standards, Quality Control Requirements, and Equipment Specifications."  It

incorporates changes discussed by EPA and I/M stakeholders since June 1996 the I/M Test

Committee since April 1994 and thus includes the latest standards and procedures recommended for

IM240 testing.  Several major additions and changes have been made.  The draft supplemental

technical guidance dynamometer specifications that were issued in August of 1994 under separate

cover are now incorporated, with changes discussed in Committee, into this document.  This version

also includes the standards for fast-passing vehicles and for heavy-duty vehicles; fast-fail references

have been deleted.  This version includes the evaporative system pressure tests, including the gas cap

pressure test, the fuel inlet pressure test, and the canister end pressure test.  Finally, this version

incorporates the recommended reporting format for vehicles that fail the IM240.  This version has

moved some of the technical dynamometer discussion into the appendices, as well as

addressing issues concerning evap testing, equipment calibrations, and other emission

measurement details.  Many other smaller changes were made to the document as well.

IM240 test locations with equipment already in-place and designed to comply with the

June 1996 guidance document may continue to use that document as a reference.  States

currently running IM240 test programs may also desire to use specific sections of this version

of the IM240 guidance to make existing programs more accurate and efficient.  IM240

programs which are designed after publication of this version of the guidance are advised to

reference this version of the technical guidance.
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§85.2205 Test Standards

(a) IM240 Emission Standards

(1)     Two Ways to Pass Standards   .  If the corrected, composite emission rates
calculated in §85.2205(b) exceed standards for any exhaust component, additional
analysis of test results shall look at the second phase of the driving cycle
separately.  Phase 2 shall include second 94 through second 239.  Second-by-
second emission rates in grams, and composite emission rates in grams per mile
for Phase 2 and for the entire test shall be recorded for each gas.  For any given
exhaust component, if the composite emission level is equal to or below the
composite standard or if the Phase 2 grams per mile emission level is equal to or
below the applicable Phase 2 standard, then the vehicle shall pass the test for that
exhaust component.

(2)     Start-up Standards   .  Start-up standards should be used during the first two years of
program operation.  Tier 1 standards are recommended for 1996 and newer vehicles
and may be used for 1994 and newer vehicles certified to Tier 1 standards.  The
following exhaust emissions standards, in grams per mile, are recommended:

(i)     Light Duty Vehicles   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1996+ 0.80 0.50 15.0 12.0 2.0 2.0
1991-1995 1.20 0.75 20.0 16.0 2.5 2.5
1983-1990 2.00 1.25 30.0 24.0 3.0 3.0
1981-1982 2.00 1.25 60.0 48.0 3.0 3.0
1980 2.00 1.25 60.0 48.0 6.0 6.0
1977-1979 7.50 5.00 90.0 72.0 6.0 6.0
1975-1976 7.50 5.00 90.0 72.0 9.0 9.0
1973-1974 10.0 6.00 150 120 9.0 9.0
1968-1972 10.0 6.00 150 120 10.0 10.0

(ii)     High-Altitude Light Duty Vehicles   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1983-1984 2.00 1.25 60.0 48.0 3.0 3.0
1982 2.00 1.25 75.0 60.0 3.0 3.0

(iii)     Light Duty Trucks       1 (less than      (0 -       6000 pounds GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1996+
(    <    3750 ALVW ) 0.80 0.50 15.0 12.0 2.0 2.0
(>3750 ALVW ) 1.00 0.63 20.0 16.0 2.5 2.5

1991-1995 2.40 1.50 60.0 48.0 3.0 3.0
1988-1990 3.20 2.00 80.0 64.0 3.5 3.5
1984-1987 3.20 2.00 80.0 64.0 7.0 7.0
1979-1983 7.50 5.00 100 80.0 7.0 7.0
1975-1978 8.00 5.00 120 96.0 9.0 9.0
1973-1974 10.0 6.00 150 120 9.0 9.0
1968-1972 10.0 6.00 150 120 10.0 10.0

(iv)     High-Altitude Light Duty Trucks       1 (less than      (0 -       6000 pounds GVWR)   .
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     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1991+ 3.00 2.00 70.0 56.0 3.0 3.0
1988-1990 4.00 2.50 90.0 72.0 3.5 3.5
1984-1987 4.00 2.50 90.0 72.0 7.0 7.0
1982-1983 8.00 5.00 130 104 7.0 7.0

(v)     Light Duty Trucks       2 (greater than      (6001 - 8500       pounds GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1996+
(    <    5750 ALVW ) 1.00 0.63 20.0 16.0 2.5 2.5
(>5750 ALVW ) 2.40 1.50 60.0 48.0 4.0 4.0

1991-1995 2.40 1.50 60.0 48.0 4.5 4.5
1988-1990 3.20 2.00 80.0 64.0 5.0 5.0
1984-1987 3.20 2.00 80.0 64.0 7.0 7.0
1979-1983 7.50 5.00 100 80.0 7.0 7.0
1975-1978 8.00 5.00 120 96.0 9.0 9.0
1973-1974 10.0 6.00 150 120 9.0 9.0
1968-1972 10.0 6.00 150 120 10.0 10.0

(vi)     High-Altitude Light Duty Trucks       2 (greater than      (6001 - 8500       pounds
    GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1991+ 3.00 2.00 70.0 56.0 4.5 4.5
1988-1990 4.00 2.50 90.0 72.0 5.0 5.0
1984-1987 4.00 2.50 90.0 72.0 7.0 7.0
1982-1983 8.00 5.00 130 104 7.0 7.0

(vii)     Heavy-Duty Trucks (greater than 8500 pounds GVWR)   .1

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1998+ 2.00 1.30 30.0 24.0 4.0 4.0
1991-1997 3.00 1.90 60.0 48.0 6.0 6.0
1987-1990 3.00 1.90 60.0 48.0 8.0 8.0
1985-1986 5.00 3.10 75.0 60.0 8.0 8.0
1979-1984 6.00 3.80 100.0 80.0 8.0 8.0
1974-1978 10.0 6.30 150.0 120.0 10.0 10.0
1970-1973 10.0 6.30 175.0 140.0 10.0 10.0
pre-1970 20.0 12.50 200.0 160.0 15.0 15.0

(3)     Final Standards   .  The following exhaust emissions standards, in grams per mile,
are recommended for vehicles tested in the calendar years 1997 and later.  Tier 1
standards are recommended for all 1996 and newer vehicles but may be used for
199484 and newer vehicles.

(i)     Light Duty Vehicles   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen

                                                
1 The heavy-duty truck standards provided here were calculated using new vehicle certification

standards and have not be subjected to field testing.  This document provides no other guidance
on heavy duty truck testing.  Thus, anyone interested in performing IM240 tests on heavy-duty
trucks should proceed with appropriate caution.
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Composite Phase 2 Composite Phase 2 Composite Phase 2

1996+ 0.60 0.40 10.0 8.0 1.5 1.5
1983-1995 0.80 0.50 15.0 12.0 2.0 2.0
1981-1982 0.80 0.50 30.0 24.0 2.0 2.0
1980 0.80 0.50 30.0 24.0 4.0 4.0
1977-1979 3.00 2.00 65.0 52.0 4.0 4.0
1975-1976 3.00 2.00 65.0 52.0 6.0 6.0
1973-1974 7.00 4.50 120 96.0 6.0 6.0
1968-1972 7.00 4.50 120 96.0 7.0 7.0

(ii)     High-Altitude Light Duty Vehicles   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1983-1984 1.20 0.75 30.0 24.0 2.0 2.0
1982 1.20 0.75 45.0 36.0 2.0 2.0

(iii)     Light Duty Trucks       1 (less than 6000      (0 - 6000       pounds GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1996+
(    <    3750 ALVW ) 0.60 0.40 10.0 8.0 1.5 1.5
(>3750 ALVW ) 0.80 0.50 13.0 10.0 1.8 1.8

1988-1995 1.60 1.00 40.0 32.0 2.5 2.5
1984-1987 1.60 1.00 40.0 32.0 4.5 4.5
1979-1983 3.40 2.00 70.0 56.0 4.5 4.5
1975-1978 4.00 2.50 80.0 64.0 6.0 6.0
1973-1974 7.00 4.50 120 96.0 6.0 6.0
1968-1972 7.00 4.50 120 96.0 7.0 7.0

(iv)     High-Altitude Light Duty Trucks       1 (less than 6000      (0 - 6000        pounds
    GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1988+ 2.00 1.25 60.0 48.0 2.5 2.5
1984-1987 2.00 1.25 60.0 48.0 4.5 4.5
1982-1983 4.00 2.50 90.0 72.0 4.5 4.5

(v)     Light Duty Trucks       2 (greater than 6000      (6001 - 8500       pounds GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1996+
(    <    5750 ALVW) 0.80 0.50 13.0 10.0 1.8 1.8
(>5750 ALVW) 0.80 0.50 15.0 12.0 2.0 2.0

1988-1995 1.60 1.00 40.0 32.0 3.5 3.5
1984-1987 1.60 1.00 40.0 32.0 4.5 4.5
1979-1983 3.40 2.00 70.0 56.0 4.5 4.5
1975-1978 4.00 2.50 80.0 64.0 6.0 6.0
1973-1974 7.00 4.50 120 96.0 6.0 6.0
1968-1972 7.00 4.50 120 96.0 7.0 7.0

(vi)     High-Altitude Light Duty Trucks       2 (greater than 6000      (6001 - 8500       pounds
    GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2
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1988+ 2.00 1.25 60.0 48.0 3.5 3.5
1984-1987 2.00 1.25 60.0 48.0 4.5 4.5
1982-1983 4.00 2.50 90.0 72.0 4.5 4.5

(vii)     Heavy-Duty Trucks (greater than 8500 pounds GVWR)   .

     Model Years       Hydrocarbons       Carbon Monoxide       Oxides of Nitrogen
Composite Phase 2 Composite Phase 2 Composite Phase 2

1998+ 2.00 1.30 30.0 24.0 4.0 4.0
1991-1997 2.00 1.30 40.0 32.0 5.0 5.0
1987-1990 2.00 1.30 40.0 32.0 6.0 6.0
1985-1986 3.00 1.90 50.0 40.0 6.0 6.0
1979-1984 5.00 3.10 75.0 60.0 6.0 6.0
1974-1978 10.0 6.30 150.0 120.0 10.0 10.0
1970-1973 10.0 6.30 175.0 140.0 10.0 10.0
pre-1970 20.0 12.50 200.0 160.0 15.0 15.0

(4)     Fast-Pass   .  Vehicles may be fast-passed using the following algorithm.  Fast-pass
shall only be used when more than one vehicle is waiting in the queue for a test.

(i)     Fast-Pass Concept        Algorithm     .  Beginning at second 30 of the driving
cycle, cumulative second-by-second emission levels for each second,
calculated from the start of the cycle in grams, shall be compared to the
cumulative fast-pass emission standards for the second under
consideration.  For exhaust components subject to Phase 2 standards,
cumulative second-by-second emission levels calculated from second 109
forward in grams shall be compared to cumulative second-by-second fast-
pass Phase 2 emission standards for the second under consideration.

(ii)     Fast-Pass Standards   .  A vehicle shall pass the IM240 for a given exhaust
component if either of the following conditions occur:

(A) cumulative emissions of the each exhaust component for
the full driving cycle are below the full cycle fast-pass
standard for the second under consideration; or,

(B) at second 109 and later, if the exhaust component is
subject to Phase 2 standards, cumulative Phase 2 emissions
of each exhaust component are below the Phase 2 fast-
pass standards for the second under consideration;

(iii)     Fast-Pass End of Test   .  Testing may be terminated when fast-pass criteria
are met for all subject exhaust components.  and for purge as described in
§85.2205(c)(1) or §85.2205(c)(3)(ii) in the same second.

(iv)     Applicability of Fast-Pass Standards   .  If a fast-pass determination cannot
be made for all subject exhaust components and for purge before the
driving cycle ends, the pass/fail determination for each component shall
be based on composite or Phase 2 emissions over the full driving cycle as
described in §85.2205(a)(1).

(v)     Alternative        Fast-Pass Algorithms   .  Vehicles may be fast-passed using
other approaches if approved by the Administrator.  States are encouraged
to develop and use equations to define fast-pass standards for each
composite emission standard rather than using tabular standards for each
second of the test.

EPA-developed tabular fast-passed standards are included in Appendix A.
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Fast-pass standards developed by Radian for Colorado are included in
Appendix B.

Appendix C contains fast-pass standards generated by EPA for
Wisconsin at the state's request.  This was done to allow the state to
move toward implementing final IM240 standards.

Appendix D contains fast-pass guidelines and 0.8 g/mi HC composite
standards along with 0.5 g/mi HC Phase 2 cutpoints developed by
Sierra Research under contract 68-C4-0056 Work Assignment 2-04.
A complete listing of the modal regression coefficients would be too
large to print in an appendix; however, the description in Appendix
D is intended to provide background information and the rational
behind this methodology.  A complete series of coefficients are
available on EPA's web site.

(b) Transient Test Score Calculations

(1)     Composite Scores   .  The composite scores for the test shall be determined by
dividing the sum of the mass of each exhaust component obtained in each second
of the test by the number of miles driven in the test.  The first data point is the
sample taken from t=0 to t=1.  The composite test value shall be calculated by the
equation in (b)(1)(i):

(i) Composite gpm =  

emissions(g)
s=0

s

∑
distance(mi)

s=0

s

∑
Where: s = duration of test in seconds for fast pass

= 239 seconds for complete IM240

(2)     Second-by-Second Mass Calculations   .  The mass of each exhaust component shall
be calculated to five significant digits for each second of the test using the
following equations:

(i) Hydrocarbon mass:HCmass   =  Vmix * DensityHC * 
HCconc

1,000,000

(ii) Carbon Monoxide mass: COmass   =  Vmix * DensityCO * 
COconc

1,000,000

(iii) Oxides of Nitrogen mass: NOxmass =  Vmix * DensityNO2 * KH

*
NOconc

1,000,000

(iv) Carbon Dioxide mass: CO2mass  =  Vmix * DensityCO2 *  
CO2conc

100

(3)      Meaning of Terms   .
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(i) Vmix = The CVS flow rate in cubic feet per second corrected to

standard temperature and pressure.

(ii) HCmass = Hydrocarbon emissions in grams per second.

(iii) DensityHC = Density of hydrocarbons is 16.33 grams per cubic foot

assuming an average carbon to hydrogen ratio of 1:1.85 at
68°F and 760 mm Hg pressure.

(iv) HCconc = Average hydrocarbon concentration per second of the dilute

exhaust sample measured as described in §85.2226(c)(4),
and corrected for background, in ppm carbon equivalent,
i.e., equivalent propane * 3.

(A) HCconc = HCe - HCd (1 -
1

DF
)    Where:

(B) HCe = Hydrocarbon concentration of the dilute exhaust

sample as measured in ppm carbon equivalent.

(C) HCd = Background hydrocarbon concentration of the

dilution air, sampled as described in
§85.2221(b)(5), as measured in ppm carbon
equivalent.

(D) DF =  
13.4

CO2e +  (HCe +  COe) *  10-4

(Calculated on a second-by-second basis, where CO2 is

measured in % and HC and CO are measured in ppm.)

(v) COmass = Carbon monoxide emissions in grams per second.

(vi) DensityCO = Density of carbon monoxide is 32.97 grams per cubic foot

at 68°F and 760 mm Hg pressure.

(vii) COconc = Average carbon monoxide concentration per second of the

dilute exhaust sample measured as in §85.2226(c)(4), and
corrected for background, water vapor, and CO2 extraction,

in ppm.

(A) COconc = COe - COd (1 - 
1

DF
)

(B) COe = Carbon monoxide concentration of the dilute exhaust

in ppm.

(C) COd = Background carbon monoxide concentration of the

dilution air, sampled as described in §85.2221(b)(5),
in ppm.
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(viii) NOxmass = Oxides of nitrogen emissions in grams per second.

(ix) DensityNO2 = Density of oxides of nitrogen is 54.16 grams per cubic foot

assuming they are in the form of nitrogen dioxide at 68°F
and 760 mm Hg pressure.

(x) NOxconc = Average concentration of oxides of nitrogen per second of

the dilute exhaust sample measured as described in
§85.2226(c)(4), and corrected for background in ppm.

(A) NOxconc = NOxe - NOxd (1 - 
1

DF
)

(B) NOxe = Oxides of nitrogen concentration of the dilute

exhaust sample as measure in ppm.

(C) NOxd = Background oxides of nitrogen concentration of the

dilution air, sampled as described in
§85.2221(b)(5), measured in ppm.

(xi) KH  =  humidity correction factor

(A) KH Standard Method

=
1.0

1.0  -  0.0047 *  (H -  75.0)

(B) H = Absolute humidity in grains of water per pound of
dry air.

=
43.478 *  Ra *  Pd

Pb -  (Pd *  
Ra

100
)

(C) Ra = Relative humidity of the ambient air, percent.

(D) Pd = Saturated vapor pressure, mm Hg at the ambient dry

bulb temperature.  If the temperature is above 86° F,
then it shall be used in lieu of the higher
temperature, until EPA supplies final correction
factors.

(E) Pb = Barometric pressure, mm Hg.

(F) Revised method2

                                                
2This revised method for calculating Kh as a function of both T and H is based on work performed

by Sierra Research under contract 68-C4-0056, Work Assignment 2-04.  This expression may be
used for absolute humidity values up to 180 gr/lb and temperatures up to 120°F; however, if the
calculated value of KH exceeds 2.19, the value of KH shall be set to 2.19.  This analysis used
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KH =
[0.004977(H−75)−0.004447(T−75)]e

(G) H = Absolute humidity in grains of water per pound
of dry air.

(H) T = Temperature in °F.

NOTE:  If the calculated KH is greater than 2.19, the value of KH
shall be set at 2.19.

(xiii) CO2mass = Carbon dioxide emissions in grams per second.

(xiv) DensityCO2 =Density of carbon dioxide is 51.81 grams per cubic foot at 68°F

and 760 mm Hg.

(xv) CO2conc = Average carbon dioxide concentration per second of the

dilute exhaust sample measured as described in
§85.2226(c), and corrected for background in percent.

(A) CO2conc = CO2e - CO2d (1 - 
1

DF
)

(B) CO2d = Background carbon dioxide concentration of the

dilution air, sampled as described in
§85.2221(b)(5), measured in percent.

(4)     Negative Values   .  Negative gram per second readings shall be integrated as
zero and recorded as such.  Negative values measured for ambient
background concentrations (HCd, COd, CO2d, and NOxd) used in
85.2205(b)(3) shall be calculated as zero and recorded as such.

(5)     Determination of Raw Exhaust Concentrations from IM240 Results   . Although
the IM240 is a mass-based test, it is possible to estimate tailpipe
concentrations from the dilute measurements for those vehicles only
required to undergo an idle test.  This estimate will be more accurate for
vehicles running near stoichiometry.  One method for performing this
calculation can be found in SAE manuscript 980678.  Additional clarification
on this can be found in Appendix E.

(c) Evaporative System Purge Test Standards

The current purge test described below has proven to be problematic for
high-volume I/M lane testing.  In recognition of its limitations in centralized

                                                                                                                                                
the same MY69, 5-vehicle sample employed for the original KH factor study that resulted in the
current CFR standard KH calculation method (listed in (xi)A above).  However, in many cases
IM testing occurs outside the temperature limits set by the CFR for the standard method;
therefore, at this time EPA recommends using the revised method.
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I/M test programs, EPA is not currently encouraging states to initiate such
testing.

The methods described below are applicable to pre OBD II evaporative
emission controlled vehicles.  OBD II vehicles equipped with evaporative
control monitors and certified to the enhanced evaporative emission
standards are being phased-in beginning with the 1996 model year.  Those
vehicles must be tested using OBD II scan tools or by measuring equivalent
purge flow through an evaporative emission "service port".  Procedures for
OBD evaporative emission controlled vehicles will be added at a later date.

(1)     Visual Check    .  The vehicle shall fail the evaporative system visual check if
any part of the system is missing, damaged, improperly connected, or
disconnected as described in §85.2222(b).

(2)     Total Flow Method   .  The vehicle shall pass the purge test when the total volume of
flow exceeds 1.0 standard liters.  If total volume of flow is less than 1.0 standard
liter at the conclusion of the transient driving cycle, the vehicle shall fail.  Any
measurement below the noise specification in §85.2227(b)(2)(vi) shall not be
included in the total flow calculation.

(2)            Total Flow Method Fast-Pass   .  Vehicles may be passed using the following
algorithm.

(i)         Beginning at second 30 of the driving cycle, cumulative second-by-second
purge levels for each second, in liters, shall be compared to the
cumulative fast-pass purge standards for the second under consideration.

(ii)        A vehicle shall pass the purge test if cumulative purge levels are above
the fast-pass standard for the second under consideration.

(iii)       Testing may be terminated when a fast-pass decision has been made for
purge and for all subject exhaust components as described in
§85.2205(a)(4).

(viii)     If a fast-pass decision cannot be made for purge and for all subject exhaust
components before the driving cycle ends, the pass/fail determination for
purge shall be based on purge levels over the full driving cycle as
described in §85.2205(c)(1).

(3)     Qualitative Flow Methods   .  A pass or fail determination of vehicle purge
system may also be made by qualitative determination of flow from the
canister to the engine intake.  Installation of a roto-meter and measurement
of a flow rate of greater than 20 cc/min for a minimum of 5 seconds is one
such method.  Other qualitative methods may be used provided they are
supported by test data and approved in advance by the Administrator.

(d) Evaporative System Pressure Test Standards

The methods described below are applicable to pre OBD II evaporative
emission controlled vehicles.  OBD II vehicles equipped with evaporative
control monitors and certified to the enhanced evaporative emission
standards are being phased-in beginning with the 1996 model year.  Those
vehicles must be tested using OBD II scan tools, by measuring pressure loss
through an evaporative emission "service port," or following vehicle
manufacturer specific instruction to avoid damaging rigid vapor lines which
are prevalent on many vehicles equipped with enhanced evaporative
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emission control systems.  Procedures for OBD evaporative emission
controlled vehicles will be added at a later date.

(1)     Visual Check   .  The vehicle shall fail the evaporative system visual check if any
part of the system is missing, damaged, improperly connected, or disconnected as
described in §85.2222(b).

(2)            Canister End Pressure Test Standards   .  The vehicle shall fail the pressure test if the
system cannot maintain a pressure above eight inches of water for up to two
minutes after being pressurized to 14±0.5 inches of water.  The vehicle shall also
fail if it does not possess a check valve, as identified in the Look-up Table, and if
no pressure drop is detected when the gas cap is loosened as described in
§85.2222(c)(4).

(2)     Fuel Inlet Pressure Test   .

(i)     Pressure Test Method    .  A vehicle shall fail the pressure test if the
fuel vapor control system isolated between the fuel inlet and a clamp
on the line between the fuel tank and the canister, located as near the
canister as possible, loses more than 8 inches of water pressure over
a period of 120 seconds starting from a stabilized pressure of 20±1
inch of water.

(ii)            Pressure Test Reference Equation   .  This equation provides pressure loss
values equivalent to a loss of pressure from 14 to 8 inches of water when
the starting pressure is other than 14 inches of water.

P               = 40 * ( 0.9967 - 2.7 * 10-6 * t )t

Where:

P               = Starting or ending pressure, in inches of water.

t                = Time, in seconds.

(ii)     Fast-Pass   .  Fast-pass determinations for the pressure test may be made
anytime during the pressure decay between 20 and 120 seconds if the
measured pressure exceeds:

 Pm = Pi −  (
0.33 *  Pi +  1.33

120.0
) *  t

Where: Pm = Measured pressure in inches of water

Pi = Initial pressure in inches of water

t = Time in seconds

 the corresponding Pressure Test Reference Equation cut point, from
§85.2205 (c)(3)(ii), by 1 inch of water pressure.  The cut point is
determined by adding 1 inch of water to the pressure value at a time t.
The pressure at time t corresponds to the pressure at the equivalent "start
time" plus the time in seconds between 20 and 120 when the fast pass
determination is made.  States may propose and the Administrator may
approve other fast pass algorithms provided they minimize false results.
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(iv)           Pressure Drop   .  For vehicles without vapor control valves (burp valves),
the clamp(s) shall be removed from the hose(s) and the system shall be
monitored for a gradual pressure drop.  If no pressure drop is detected, the
vehicle shall fail the test.  If the Pressure Test Look-up Table identifies
the vehicle as possessing a vapor control valve, the system shall not be
monitored for a loss of pressure.

(e) Gas Cap Test Standards

The methods described below are applicable to pre OBD II evaporative
emission controlled vehicles.  OBD II vehicles equipped with evaporative
control monitors and certified to the enhanced evaporative emission
standards are being phased-in beginning with the 1996 model year.
Procedures for OBD evaporative emission controlled vehicles will be added
at a later date.

Pressure decay methods using a 1 liter head space are currently permitted
under the June 1996 version of the IM240 technical guidance.  As this
method has been widely used in IM240 testing it will continue to be allowed.
The pressure decay loss of 6 inches of WC from a starting pressure of 28 in.
WC referenced to 70F and 1 atm and assuming a 1 liter head space, equates
to a flow rate of about 80 cc/min.

(1)     Visual Check    .  The vehicle shall fail the gas cap visual check if the cap is
missing, obviously defective, or the wrong style cap for the vehicle.

(2)     Pressure Decay        Test Standard    .  If pressure decays by 6 inches of water or more
during the 10 second period, the vehicle shall fail the fuel cap integrity test   For
pressure decay methods using a 1 liter head space and the June 1996 IM240
technical guidance, the fuel cap shall fail the pressure test if it loses more
than 6 inches of water column (WC) pressure over a period of 10 seconds
from a starting pressure of 28±1 inch WC.

(3)    60 cc/min Flow Standard    .  The gas cap leak rate may be determined by
pressure loss measurement, direct flow measurement, or flow comparison
methods and shall be compared to an orifice with a National Institute of
Standards and Technology traceable flow rate which will result in a pass/fail flow
rate standard of 60 cubic centimeters per minute of air at 30 inches of water
column.  The flow rate methods shall be referenced to standard conditions of
70F and 1 atm.  If the leak rate exceeds 60 cc/min at a pressure of 30 inches of
water column, the cap shall fail the test.
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§85.2221 IM240 and Evaporative System Purge Test Procedures

(a) General Requirements

(1)     Data Collection   .  The following information shall be determined for the vehicle
being tested and used to automatically select the dynamometer inertia and power
absorption settings:

(i) Vehicle type:   LDGV, LDGT1, LDGT2, HDGT, and others as needed
Model Year

(ii) Chassis model year Manufacturer
(iii) MakeModel name
(iv) ModelBody style
(v) Number of cylinders, or cubic inch displacement of the engine
(vi) Transmission typeEngine displacement

Alternative computerized methods of selecting dynamometer test conditions,
such as VIN de-coding, may be used.

(2)     Ambient Conditions   .  The ambient temperature, absolute humidity, and barometric
pressure shall be recorded continuously during the transient test, or as a single set
of readings up to 4 minutes before the start of if taken less than 4 minutes prior
to the transient driving cycle.

(3)     Restart   .  If shut off, the vehicle shall be restarted as soon as possible before the
test and shall be running at least 30 seconds prior to the transient driving cycle.

(b) Pre-inspection and Preparation

(1)     Accessories   .  All accessories (air conditioning, heat, defogger, radio, automatic
traction control if switchable, etc.) shall be turned off (if necessary, by the
inspector).  Vehicles with traction control systems that cannot be turned off
shall not be tested on two wheel drive dynamometers.

(2)     Leaks   .  The vehicle shall be inspected for exhaust leaks.  Audio assessment while
blocking exhaust flow or gas measurement of carbon dioxide or other gases shall
be acceptable.  Vehicles with leaking exhaust systems shall be rejected from
testing.

(3)     Operating Temperature   .  The vehicle temperature gauge, if equipped and
operating, shall be checked to assess temperature.  If the temperature gauge
indicates that the engine is not at well below normal operating temperature, the
vehicle shall not be fast-failed and shall get a second-chance emission test if it
fails the initial test for any criteria exhaust component.  Vehicles in overheated
condition shall be rejected from testing.

(4)     Tire Condition   .  Vehicles shall be rejected from testing if tire cords, bubbles, cuts,
or other damage are visible.  Vehicles shall be rejected that have space-saver
spare tires on the drive axle.  Vehicles may be rejected that do not have
reasonably sized tires.  Vehicle tires shall be visually checked for adequate
pressure level.  Drive wheel tires that appear low shall be inflated to approximately
30 psi, or to tire side wall pressure, or manufacturer's recommendation.  Tires of
vehicles being tested for the purposes of program evaluation under §51.353(c) shall
have their tires inflated to tire side wall pressure.
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(5)     Ambient Background   .  Background concentrations of hydrocarbons, carbon
monoxide, oxides of nitrogen, and carbon dioxide (HC, CO, NOx, and CO2,

respectively) shall be sampled as specified in §85.2226(b)(2)(iv) to determine
background concentration of constant volume sampler dilution air.  The sample
shall be taken for a minimum of 15 seconds within 120 seconds of the start of the
transient driving cycle, using the same analyzers used to measure tailpipe
emissions except as provided in §85.2221(f)(3)2226(c)(4).  Average readings over
the 15 seconds for each gas shall be recorded in the test record.  Testing shall be
prevented until the average ambient background levels are less than 20 ppmC HC,
30 ppm CO, and 2 ppm NOx, or outside ambient air levels (not influenced by

station exhaust), whichever are greater.

(6)     Sample System Purge   .  While a lane is in operation, the CVS shall continuously
purge the CVS hose between tests, and the sample system shall be continuously
purged when not taking measurements.  The blower may be turned off if the
CVS is not in operation, but the system shall be purged for 2 minutes prior to
the start of a test if the blower has been turned off.  The off time shall be
computer monitored and recorded to a history file for quality assurance.

(7)            Negative Values   .  Negative gram per second readings shall be integrated as zero
and recorded as such.

(c) Equipment Positioning and Settings

(1)     Purge Equipment   .  If an evaporative system flow meter purge test is to be
performed:

(i)         The evaporative canister shall be checked unless the canister is
inaccessible.  A missing or obviously damaged canister shall result in
failure of the visual evaporative system check.

(i) The purge flow meter measurement equipment shall be connected in
series between the evaporative canister and the engine. preferably on the
canister end of the hose.  For vehicles equipped with a service port for
evaporative functional testing, the measurement equipment shall be
connected to the port.

(ii) The evaporative system shall be visually inspected for the appearance of
proper hose routing and connection of hoses, unless the canister is
inaccessible.  If any evaporative system hose is disconnected, then the
vehicle shall fail the visual evaporative system check.  All hoses
disconnected for the test shall be reconnected after a purge flow test is
performed.

(2)     Roll Rotation   .  The vehicle shall be maneuvered onto the dynamometer with the
drive wheels positioned on the dynamometer rolls.  Prior to test initiation, the rolls
shall be rotated until the vehicle laterally stabilizes on the dynamometer.  Drive
wheel tires shall be dried if necessary to prevent slippage during the initial
acceleration.

(3)     Cooling System    .  Testing shall not begin until the test-cell cooling system is
positioned and activated.  The hood may be opened at the state's discretion.
whenever ambient temperature exceeds 72°F.  The vehicle hood shall be open
whenever ambient temperature exceeds 72°F.  The cooling system shall be
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positioned to direct air to the vehicle cooling system, but shall not be directed at
the catalytic converter.

(4)     Vehicle Restraint   .  Testing shall not begin until the vehicle is restrained.  Any
restraint system shall meet the requirements of §85.2226(a)(5)(vii).  In addition,
the parking brake shall be set for front wheel drive vehicles prior to the start of the
test.
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(5)     Dynamometer Settings   .  Dynamometer power absorption and inertia weight settings
shall be automatically chosen from an EPA-supplied electronic look-up table
which will be referenced based upon the vehicle identification information
obtained in 85.2221(a)(1).  Vehicles not listed shall be tested using default power
absorption and inertia settings in the latest version of the EPA I/M Look-up
Table, as posted on EPA's web site:  www.epa.gov/orcdizux/im.htm

VEHICLE
TYPE

NUMBER OF
CYLINDERS

TRACK ROAD
LOAD

HORSEPOWER

TEST
INERTIA
WEIGHT

All 3 12.1 2000
All 4 12.8 2500
All 5 14.5 3000
All 6 14.5 3000

LDGV 8 16.2 3500
LDGT 8 17.7 4000
LDGV 10 16.2 3500
LDGT 10 19.2 4500
LDGV 12 17.7 4000
LDGT 12 20.7 5000

(6)     Exhaust Collection System    .  The exhaust collection system shall be positioned to
insure complete capture of the entire exhaust stream from the tailpipe during the
transient driving cycle.  The system shall meet the requirements of §85.2226(b)(2).

(d) Vehicle Conditioning

(1)     Queuing Time   .  When the vehicle queue exceeds 20 minutes, a vehicle shall get a
second-chance emission test if it fails the initial test and all criteria exhaust
components are at or below 1.5 times the standard.  At the state’s discretion,
second-chance testing may be granted if criteria exhaust components exceed
any preset level above the standard.

(2)     Program Evaluation   .  Vehicles being tested for the purpose of program evaluation
under §51.353(c) shall receive two full transient emission tests (i.e., a full 240
seconds each).  Results from both tests and the test order shall be separately
recorded in the test record.  Emission scores and results provided to the motorist
may be from either test.

(3)     Discretionary Preconditioning   .

(i) Any vehicle may be preconditioned by maneuvering the vehicle on to
the dynamometer and driving the 94 to 239 second segment of the
transient cycle in 85.2221(e)(1).  This method has been demonstrated
to adequately precondition the vast majority of vehicles (SAE 962091).
using any of the following methods:

(ii) Alternatively, modal analysis of the failing second-by-second test data
may be performed to identify vehicles that would benefit from
additional pre-conditioning.  Appendix F provides retest criteria
developed by Sierra Research under EPA contract 68-C4-0056 Work
Assignment 2-04.

(i)             Non-loaded Preconditioning   .  Increase engine speed to approximately 2500
rpm, for up to 4 minutes, with or without a tachometer.
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(ii)            Loaded Preconditioning   .  Drive the vehicle on the dynamometer at 30
miles per hour for up to 240 seconds at road-load   .

(iii)           Transient Preconditioning   .  After maneuvering the vehicle onto the
dynamometer, drive a transient cycle consisting of speed, time,
acceleration, and load relationships similar to that of the transient driving
cycle in §85.2221(e)(1).

(4)     Second-Chance Purge Testing   .  If purge testing is performed, vehicles that fail
the purge test exhibit significant purge activity during the driving cycle but do not
accumulate one liter of purge shall may receive a second-chance purge test.  The
second-chance test may be the Transient Driving Cycle or modified sequences of
shorter duration designed to rapidly produce purge activity.

(5)     Second-Chance Purge Testing   .  If purge testing is performed, vehicles that fail
the purge test exhibit significant purge activity during the driving cycle but do not
accumulate one liter of purge shall may receive a second-chance purge test.  The
second-chance test may be the Transient Driving Cycle or modified sequences of
shorter duration designed to rapidly produce purge activity.

(e) Vehicle Emission Test Sequence

(1)     Transient Driving Cycle   .  The vehicle shall be driven over the following cycle:

Time
second

Speed
mph

Time
second

Speed
mph

Time
second

Speed
mph

Time
second

Speed
mph

Time
second

Speed
mph

0 0 48 25.7 96 0 144 24.6 192 54.6
1 0 49 26.1 97 0 145 24.6 193 54.8
2 0 50 26.7 98 3.3 146 25.1 194 55.1
3 0 51 27.5 99 6.6 147 25.6 195 55.5
4 0 52 28.6 100 9.9 148 25.7 196 55.7
5 3 53 29.3 101 13.2 149 25.4 197 56.1
6 5.9 54 29.8 102 16.5 150 24.9 198 56.3
7 8.6 55 30.1 103 19.8 151 25 199 56.6
8 11.5 56 30.4 104 22.2 152 25.4 200 56.7
9 14.3 57 30.7 105 24.3 153 26 201 56.7
10 16.9 58 30.7 106 25.8 154 26 202 56.3
11 17.3 59 30.5 107 26.4 155 25.7 203 56
12 18.1 60 30.4 108 25.7 156 26.1 204 55
13 20.7 61 30.3 109 25.1 157 26.7 205 53.4
14 21.7 62 30.4 110 24.7 158 27.3 206 51.6
15 22.4 63 30.8 111 25.2 159 30.5 207 51.8
16 22.5 64 30.4 112 25.4 160 33.5 208 52.1
17 22.1 65 29.9 113 27.2 161 36.2 209 52.5
18 21.5 66 29.5 114 26.5 162 37.3 210 53
19 20.9 67 29.8 115 24 163 39.3 211 53.5
20 20.4 68 30.3 116 22.7 164 40.5 212 54
21 19.8 69 30.7 117 19.4 165 42.1 213 54.9
22 17 70 30.9 118 17.7 166 43.5 214 55.4
23 14.9 71 31 119 17.2 167 45.1 215 55.6
24 14.9 72 30.9 120 18.1 168 46 216 56
25 15.2 73 30.4 121 18.6 169 46.8 217 56
26 15.5 74 29.8 122 20 170 47.5 218 55.8
27 16 75 29.9 123 20.7 171 47.5 219 55.2
28 17.1 76 30.2 124 21.7 172 47.3 220 54.5
29 19.1 77 30.7 125 22.4 173 47.2 221 53.6
30 21.1 78 31.2 126 22.5 174 47.2 222 52.5
31 22.7 79 31.8 127 22.1 175 47.4 223 51.5
32 22.9 80 32.2 128 21.5 176 47.9 224 50.5
33 22.7 81 32.4 129 20.9 177 48.5 225 48
34 22.6 82 32.2 130 20.4 178 49.1 226 44.5
35 21.3 83 31.7 131 19.8 179 49.5 227 41
36 19 84 28.6 132 17 180 50 228 37.5
37 17.1 85 25.1 133 17.1 181 50.6 229 34
38 15.8 86 21.6 134 15.8 182 51 230 30.5
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39 15.8 87 18.1 135 15.8 183 51.5 231 27
40 17.7 88 14.6 136 17.7 184 52.2 232 23.5
41 19.8 89 11.1 137 19.8 185 53.2 233 20
42 21.6 90 7.6 138 21.6 186 54.1 234 16.5
43 23.2 91 4.1 139 22.2 187 54.6 235 13
44 24.2 92 0.6 140 24.5 188 54.9 236 9.5
45 24.6 93 0 141 24.7 189 55 237 6
46 24.9 94 0 142 24.8 190 54.9 238 2.5
47 25 95 0 143 24.7 191 54.6 239 0

(2)     Driving Trace   .  The inspector shall follow an electronic, visual depiction of the
time/speed relationship of the transient driving cycle (hereinafter, the trace).  The
visual depiction of the trace shall be of sufficient magnification and adequate
detail to allow accurate tracking by the driver and shall permit the driver to
anticipate upcoming speed changes.  The trace shall also clearly indicate gear
shifts as specified in §85.2221(e)(3).

(3)     Shift Schedule   .  For vehicles with manual transmissions, inspectors shall shift
gears according to the following shift schedule:

Shift Sequence
gear Speed

miles per hour

Nominal Cycle
Time

seconds

1 - 2 15 9.3
2 - 3 25 47.0
De-clutch 15 87.9
1 - 2 15 101.6
2 - 3 25 105.5
3 - 2 17 119.0
2 - 3 25 145.8
3 - 4 40 163.6
4 - 5 45 167.0
5 - 6 50 180.0
De-clutch 15 234.5

Gear shifts shall occur at the points in the driving cycle where the specified speeds
are obtained.  For vehicles with fewer than six forward gears the same schedule
shall be followed with shifts above the highest gear disregarded.

(4)     Speed Excursion Limits   .  Speed excursion limits shall apply as follows:

(i)     Upper Limit   .  The upper limit is 2 mph higher than the highest point on
the trace within 1 second of the given time.

(ii)     Lower Limit   .  The lower limit is 2 mph lower than the lowest point on
the trace within 1 second of the given time.

(iii)     Speed Variations   .  Speed variations greater than the tolerances (such as
may occur during gear changes) are acceptable provided they occur for no
more than 2 seconds on any occasion.

(iv)     Underpowered Vehicles   .  Speeds lower than those prescribed during
accelerations are acceptable provided the vehicle is operated at maximum
available power during such accelerations until the vehicle speed is within
the excursion limits. If the vehicle is underpowered and unable to
adequately follow the trace, it shall be rejected from testing.
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(v)     Exceedances   .  Exceedances of the limits in §85.2221(i) through
§85.2221(iii) shall automatically result in a void test.  The station
manager can override the automatic void of a test if the manager
determines that the conditions specified in §85.2221(e)(4)(iv) occurred.
Tests shall be aborted if the upper excursion limits are exceeded.  Tests
may be aborted if the lower limits are exceeded.

(5)     Speed Variation Limits   .

 (i)            Linear Regression   .  A linear regression of feedback value on reference
value shall be performed on each transient driving cycle for each speed
using the method of least squares, with the best fit equation having the
form:  y = mx + b, where:

(A)    y   =   The feedback (actual) value of speed;
(B)    m  =   The slope of the regression line;
(C)    x   =   The reference value; and
(D)    b  =   The y-intercept of the regression line.

(ii)            Standard Error   .  The standard error of estimate (SE) of y on x shall be
calculated for each regression line.  A transient driving cycle lasting the
full 240 seconds that exceeds the following criteria shall be void and the
test shall be repeated:

(A)    SE  =   2.0 mph maximum.
(B)    m   =   0.96 - 1.01.

(C)    r2   =   0.97 minimum.
(D)    b    =   ±2.0 mph.

(iii)           Fast Pass Speed Variation Limits   .  A transient driving cycle that ends
before the full 240 seconds that exceeds the following criteria shall be
void and the test shall be repeated.  Analyses are currently underway using
existing IM240 program data to determine the appropriate speed variation
criteria for these fast-pass tests.

(A)    SE =   (Reserved)
(B)    m   =   (Reserved)

(C)    r2   =   (Reserved)
(D)    b    =   (Reserved)

(i) Based on work performed under contract 68-C4-0056, Work
Assignment 2-04 the following Positive Kinetic Energy limits were
developed by Sierra Research.  These results are based on an
analysis of 16,581 IM240 tests conducted in AZ.

(ii) PKE = 

PPt
t=0

N

∑
x dx

0

x

∫

where: PPt  = V2t - V2(t-1)  mi2/hr2 for Vt > V(t-1)

PPt = 0 for Vt ≤ V(t-1)
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x = distance (mi)

(iii) Full Test PKE Limits

Upper Limit 3456 mi/hr2

Lower Limit 3082 mi/hr2

(iv) Second-by-Second PKE upper and lower limits are listed in
Appendix G.

(6)     Distance Criteria   .  The actual distance traveled for the transient driving cycle and
the equivalent vehicle speed (i.e., roll speed) shall be measured.  If the absolute
difference between the measured distance and the theoretical distance for the
actual test exceeds 0.05 miles, the test shall be void.

(7)     Vehicle Stalls   .  Vehicle stalls during the test shall result in a void the test and
result in a new test.  More than 3 stalls shall result in test failure rejecting the
vehicle from testing.

(8)            Dynamometer Controller Check   .  For each test, the measured horsepower, and
inertia if electric simulation is used, shall be integrated from 55 seconds to 81
seconds (divided by 26 seconds), and compared with the theoretical road-load
horsepower (for the vehicle selected) integrated over the same portion of the cycle.
The same procedure shall be used to integrate the horsepower between 189
seconds to 201 seconds (divided by 12 seconds).  The theoretical horsepower shall
be calculated based on the observed speed during the integration interval.  If the
absolute difference between the theoretical horsepower and the measured
horsepower exceeds 0.5 hp, the test shall be void.  For vehicles over 8500 pounds
GVWR, if the absolute difference between the theoretical horsepower and the
measured horsepower exceeds 2 hp, the test shall be void.  Alternate error
checking methods may be used if shown to be equivalent.

(8)    Inertia Weight Selection   .  Operation of the inertia weight selected for the vehicle
shall be verified as specified in §85.2226(a)(3)(i).  For systems employing
electrical inertia simulation, an algorithm identifying the actual inertia force
applied during the transient driving cycle shall be used to determine proper inertia
simulation.  For all dynamometers, if the observed inertia is more than 1%
different from the required inertia, the test shall be void.

(9)     CVS Operation   .  The CVS operation shall be verified for each test for a CFV-type
CVS by measuring either the absolute pressure difference across the venturi or
measuring the blower vacuum behind the venturi for minimum levels needed to
maintain choke flow for the venturi design.  The operation of an SSV-type CVS
shall be verified throughout the test by monitoring the difference in pressure
between upstream and throat pressure.  The minimum values shall be determined
from system calibrations.  Monitored pressure differences below the minimum
values shall void the test.

(1110)     Fuel Economy   .  For each test, the health of the overall analysis system shall be
evaluated by checking a test vehicle's fuel economy for reasonableness, relative to
upper and lower limits, representing the range of fuel economy values normally
encountered for the test inertia and horsepower selected.  For each inertia
selection, the upper fuel economy limit shall be determined using the lowest
horsepower setting typically selected for the inertia weight, along with statistical
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data, test experience, and engineering judgment.  A similar process for the lower
fuel economy limit shall be used with the highest horsepower setting typically
selected for the inertia weight.  For test inertia selections where the range of
horsepower settings is greater than 5 horsepower, at least two sets of upper and
lower fuel economy limits shall be determined and appropriately used for the
selected test inertia.  Tests with fuel economy results in excess of 1.5 times the
upper limit shall result in a void test.

(f) Emission and Purge Flow Measurements

(1)     Exhaust Measurement   .  The emission analysis system shall sample and record
dilute exhaust HC, CO, CO2, and NOx during the transient driving cycle as

described in §85.2226(c).

(2)     Purge Measurement   .  The analysis system shall sample and record the measure
purge flow in standard liters per second and record total volume of flow in
standard liters over the course of the actual driving cycle as described in
§85.2227(b).

(3)           Integrity Measurement   .  The analysis system shall measure and record the integrity
of the evaporative system and the gas cap as described in §85.2227(c).
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§85.2222 Evaporative System Pressure and Gas Cap Test Procedures

(a) General Requirements

(1)     Pressure Test   .  The on-vehicle pressure tests described in §85.2222(c) and (d)
shall be performed after any tailpipe emission test. to be performed on a vehicle.
Vehicles receiving a the fuel inlet pressure test specified in §85.2222(c) should
also be given a gas cap pressure test specified in §§85.2222(d).

(2)     Volume Compensation    .  The pressure test shall be conducted in a manner that
minimizes changes in temperature, since pressure measurements are affected by
changes in the vapor space temperature.  It is recommended, but not required,
that pressure tests on the vapor space be volume compensated to avoid false
readings.

(3)     Gas Cap Test Requirement   .  The Look-up Table identifies which  on-vehicle
pressure test to perform on a given vehicle.  Vehicles receiving the canister end
pressure test  specified in §85.2222(c) do not need to receive any other pressure
tests.    A gas cap test described in §85.2222(d) may be performed before or after
the tailpipe emission test.

(4)     Alternative Techniques   .  Alternative gas cap or pressure test procedures may be
used if they are shown to be equivalent or better than those described below.
Except in the case of government-run test facilities claiming sovereign immunity,
any damage done to the evaporative emission control system during this test shall
be repaired at the expense of the inspection facility.

(b) Pre-inspection and Preparation

(1)     Visual Inspection - Canister   .  The evaporative canister(s) shall be visually
checked to the degree practical.  A missing or obviously damaged canister(s) shall
fail the visual evaporative system check.

(2)     Visual Inspection - System     .  The evaporative system hoses shall be visually
inspected for the appearance of proper routing, connection, and condition, to the
degree practical.  If any evaporative system hose is misrouted, disconnected, or
damaged, the vehicle shall fail the visual evaporative system check.

(3)     Visual Inspection - Gas Cap    .  If the gas cap is missing, obviously defective, or
the wrong style cap for the vehicle, the vehicle shall fail the visual inspection.

(c)         Canister-End Pressure Test

(1)            Equipment Set-up   .  Test equipment shall be connected to the fuel tank canister
hose at the canister end.  The gas cap shall be checked to ensure that it is
properly, but not excessively tightened, and shall be tightened if necessary.

(2)            Pressure Value   .  The system shall be pressurized to 14 ±0.5 inches of water without
exceeding 26 inches of water system pressure.

(3)            Stability       Close off the pressure source, seal the evaporative system and monitor
pressure decay for up to two minutes.

(4)            Depressurization    .  Loosen the gas cap after a maximum of two minutes and
monitor for a sudden pressure drop, indicating that the fuel tank was pressurized.
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(5)            Reconnection   .  The inspector shall carefully ensure that all items disconnected or
loosened in the course of the test are properly reconnected at the conclusion of the
test.

(c

)  FUEL INLET PRESSURE TEST

( 1 )    EQUIPMENT SET-UP.  THE VAPOR VENT LINE(S) FROM THE

GAS TANK TO THE CANISTER(S) SHALL BE CLAMPED OFF

AS CLOSE TO THE CANISTER(S) AS PRACTICAL WITHOUT

DAMAGING EVAPORATIVE SYSTEM HARDWARE.  IF THE

LINE(S) CAN NOT BE CLAMPED (FOR EXAMPLE A RIGID

LINE), THEY SHALL BE REMOVED AT THE CANISTER(S)

AND CAPPED OR PLUGGED.  DUAL FUEL TANKS SHALL BE

CHECKED INDIVIDUALLY IF THE COMPLETE VAPOR

CONTROL SYSTEM CAN NOT BE ACCESSED BY

PRESSURIZING FROM THE FILL PIPE INTERFACE OF ONLY

ONE FUEL TANK.  A FUEL INLET AN ADAPTER TO SUPPLY

NITROGEN OR AIR TO THE FUEL TANK, AS SPECIFIED IN

§85.2227(C)(2)(I), APPROPRIATE TO THE STYLE OF FUEL

INLET ON THE VEHICLE (NOT THE GAS CAP ON THE
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VEHICLE) SHALL BE SELECTED BASED ON A SOFTWARE

PROMPT AND SHALL BE INSTALLED TEMPORARILY

REPLACE THE FUEL CAP ON THE VEHICLE'S FUEL INLET.

( 2 )    STARTING PRESSURE. VALUE.  THE GAS TANK SHALL BE

PRESSURIZED TO A VALUE OF 14 TO 20±1 INCH OF WC.

AT OR SLIGHTLY ABOVE THE MINIMUM TEST PRESSURE

SPECIFIED IN THE LOOK-UP TABLE.

( 3 )    STABILITY.  PRESSURE STABILITY SHALL BE MAINTAINED

MONITORED FOR A PERIOD OF 10 SECONDS PRIOR TO

THE START OF THE PRESSURE DECAY MEASUREMENT.

ONE DEFINITION OF STABILITY IS A LOSS OF NO MORE

THAN 5 INCHES WC OVER A 15 SECOND PERIOD WHEN

THE INITIAL PRESSURE IS 20±1 INCH WC.  IF THE LOSS OF

PRESSURE IN 15 SECONDS EXCEEDS THIS VALUE, TWO

MORE ATTEMPTS SHALL BE MADE TO REACH STABILITY.

FAILURE TO ACHIEVE STABILITY LIKELY INDICATES THE
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PRESENCE OF A LARGE LEAK AND THEREFORE FAILURE OF

THE PRESSURE TEST. SHALL NOT INCREASE BY MORE

THAN 0.5 INCHES OF WATER DURING THE FIRST 20

SECONDS OF THE DECAY MEASUREMENT.  ALTERNATE

DEFINITIONS OF STABILITY MAY BE PROPOSED BY THE

STATE AND APPROVED BY THE ADMINISTRATOR.

(4)    VOLUME COMPENSATION.  (OPTIONAL)  PRESSURE DECAY

MEASUREMENTS ARE AFFECTED BY THE VAPOR VOLUME

(FUEL TANK LEVEL) IN THE FUEL TANK.  VOLUME-

COMPENSATED PRESSURE DECAY MEASUREMENTS WILL

INCREASE TEST REPEATABILITY AND ACCURACY, AND ARE

THEREFORE RECOMMENDED.  VOLUME COMPENSATION

ALGORITHMS MUST BE SUPPORTED BY DATA AND

APPROVED IN ADVANCE BY THE ADMINISTRATOR.

MEASURE THE VOLUME-COMPENSATED PRESSURE DECAY

FOR UP TO 120 SECONDS AFTER STABILITY IS ACHIEVED.,
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USING THE EQUATION IN §85.2222(D)(5).  THIS

EQUATION IS BASED ON NORMALIZING THE PRESSURE

DECAY MEASUREMENTS TO A VAPOR VOLUME OF 50

LITERS.  STATES MAY PROPOSE AND THE

ADMINISTRATOR MAY APPROVE OTHER METHODS OF

COMPENSATION FOR DIFFERENCES IN FUEL TANK VAPOR

VOLUME.  

( 5 )    PRESSURE MONITORING.  CLOSE THE PRESSURE SOURCE

AND MEASURE THE LOSS IN PRESSURE OVER A 120

SECOND INTERVAL.  FAST-PASS DETERMINATIONS MAY

BE MADE USING THE EQUATIONS IN §85.2205(D)(2)(II).

( 6 )    CLAMP REMOVAL.  REMOVE THE CLAMP ON THE VAPOR

LONE AND CAREFULLY RELIEVE PRESSURE AND REMOVE

THE ADAPTER USED TO SUPPLY PRESSURE TO THE VAPOR

SPACE.
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( 5 )    �

THIS EQUATION COME FROM ONE OF TWO SOURCES:  A

LETTER FROM JOHN ROGERS TO GENE TIERNEY, APRIL 24,

1995; AND UNPUBLISHED RESULTS FROM ENVIRONMENTAL

SYSTEMS PRODUCTS, SUBMITTED TO EPA AND PREPARE BY

JOHN ROGERS, JULY 19, 1994.

WHERE:

P   =   PRESSURE, IN INCHES OF WATER AT TIME T,

COMPENSATED FOR DIFFERENCES IN FUEL TANK

VAPOR SPACE VOLUME.

P0 =   THE STABILIZED PRESSURE AT THE START OF

THE DECAY PORTION OF THE PRESSURE TEST, IN

INCHES OF WATER.

K   =   A CONSTANT DERIVED FROM CURVE FITTING

THE PRESSURE/TIME DATA FROM THE DECAY
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PORTION OF THE PRESSURE TEST, USING THE

EQUATION:

P    =  P0 * KT

T   =   TIME MEASURED FROM THE START OF THE

DECAY PORTION OF THE PRESSURE TEST, IN

SECONDS.

VS =   REFERENCE VOLUME OF THE FUEL VAPOR SPACE,

50 LITERS.

V   =   VOLUME OF THE FUEL VAPOR SPACE, IN LITERS,

CALCULATED USING THE FOLLOWING

EQUATION:

�

Where:

Pb      =   Barometric pressure, in inches of Hg.

(P      =   Pressure increase during the fill period, in inches of water.

(V      =   The flow meter measured volume of gas which pressurizes
the vapor space, in liters at 20 C and 1 atmosphere.

(PL    =   The loss in pressure due to the presence of a leak during the

fill process, in inches of water.
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Where:

(        =   Summation of the second-by-second pressure loss during the
fill period.

P0      =   The stabilized pressure at the start of the decay portion of

the pressure test, in inches of water.

k        =   A constant derived from curve fitting the pressure/time data
from the    decay    portion of the pressure test, using the
equation:

P       =               P0 * kt

Pt           =          Pressure values reported in one

second intervals during the    fill    period, in inches of
water.
(d) Gas Cap Test
(1)     Cap Installation    .  The fuel cap shall be
removed from the fuel inlet and installed on a
portable or bench test rig with a nominal 1 liter
head space using the adapter appropriate for the
gas cap as specified in §85.2227(d)(1)(ii).
(2)     Flow/Pressure Measurement   .  Flow
comparison to a reference flow orifice, direct
flow measurement, or pressure loss
measurement shall be made and compared
against a 60 cc/min at 30 in. WC flow standard.
Failed gas caps shall be removed from the test
device and retested to verify an initial indication
of failure.
(3)              Pressure Monitoring   .  The pressure
decay shall be monitored for 10 seconds after
stability is achieved.
(3)     Cap Replacement   .  The fuel cap shall be
replaced on the fuel inlet and tightened
appropriately.
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§85.2226 IM240 Equipment Specifications
(a) Dynamometer Specifications
(1)     General Requirements   .
(i)     Capacity   .  The dynamometer structure
(e.g., bearings, rollers, pit plates, etc.) shall
accommodate all light-duty vehicles and light-duty
trucks up to 8500 pounds GVWR.
(ii)     Test Parameters   .  Road load horsepower
and inertia simulation shall be automatically
selected from the EPA IM240 Look-up Table, or
equivalent data base, based on the vehicle
parameters in the test record.
(iii)     Alternative Designs   .  Alternative
dynamometer specifications, designs, and error
checking may be proposed by a state and approved
based upon a determination by the Administrator
that, for the purpose of properly conducting an
approved short test, the evidence supporting such
deviations will not cause improper vehicle loading.
(iv)     Units   .  Specifications in this section are
generally expressed in units of horsepower.
System designs using equivalent units of force,
English or SI, are permissible.
(v)     Ambient Range   .  The dynamometer
shall be designed to operate over an ambient
temperature range of 35 to 110°F, and at
absolute humidity values representative of the
IM240 testing location.
(2)     Power Absorption   .
(i)     Power Absorber Design    .  The power
absorber or power exchange unit shall be an
electric AC or DC motor/absorber design.  Eddy
current designs may be approved if proven
equivalent to other designs in terms of inertia
response time, and total load (or inertia
simulation), over an IM240 driving cycle.
(ii)     Range   .  The range of power absorber at 50
mph shall be sufficient to cover track road-load
horsepower (TRLHP) values between 4 and 35
horsepower, and provide accurate road load
simulation based on TRLHP and GTRL values
in the EPA I/M Look-up Table.  The absorption
shall be adjustable across the required horsepower
range at 50 mph in 0.1 horsepower increments.  The
accuracy of the power absorber shall be ±0.25
horsepower or ±2% of point whichever is greater.
(iii)     Accuracy   .  The absorption shall be
adjustable across the required horsepower range at
50 mph in 0.1 horsepower increments.  The
accuracy of the power absorber or power
exchange unit, for road load simulation only,
shall be ±0.25 horsepower or ±3% of point,
whichever is greater.
(iv)    Indicated Horsepower   .  The power
absorber shall load the vehicle according the
following equation:

IHP = TRLHP - PLHP - GTRL
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Where:  IHP is the dynamometer indicated, or
set, horsepower.
TRLHP is the track, or total, horsepower for a

particular vehicle.
PLHP is the dynamometer parasitic loss

horsepower.
GTRL is the generic tire/roll and vehicle drive

train loss of a vehicle on the dynamometer.
TRLHP, PLHP, GTRL, and therefore IHP, are
all expressed as three term polynomials of the
type:
HP = A*Obmph + B*Obmph2 + C*Obmph3
Where: HP represents individual expressions
relating IHP, TRLHP, PLHP, or GTRL as a
function of velocity.
A, B, or C represent horsepower coefficients

for the individual expressions relating IHP,
TRLHP, PLHP, or GTRL as a function of
velocity.
Obmph is the velocity in miles per hour.

Expressions for TRLHP, and GTRL are found
in Appendices H and I.
(3)    Inertia   .
(i)     Range   .  The dynamometer shall
provide inertia simulation capability of 2000 to
5500 pounds for light duty vehicles and trucks
less than 5500 pounds equivalent test weight
(ETW).  Dynamometers used for testing light
duty vehicles and trucks over 5500 ETW shall
have inertia simulation capability to 8500
pounds.
(ii)      Mechanical Inertia Simulation   .  The
dynamometer shall be equipped with mechanical
flywheels with inertia selectable to a 250 pound
sensitivity.  The tolerance on the base inertia
weight and the flywheels shall be within 1% of the
specified test weights.  The proper inertia weight for
any test vehicle shall be selectable.The test system
shall be equipped with a method, independent
from the flywheel selection system, that identifies
which inertia weight flywheels are actually
rotating during the transient driving cycle.
(iii)     Electric Inertia Simulation   .  Electric
inertia simulation, or a combination of electric and
mechanical simulation may be used in lieu of
mechanical flywheels, provided that the
performance of the electrically simulated inertia
complies with the following specifications.
Systems employing electric inertia simulation
shall have a nominal base inertia of at least 2000
pounds. Exceptions to these specifications may be
allowed upon a determination by the Administrator
that such exceptions would not significantly
increase vehicle loading or emissions for the
purpose of properly conducting an approved short
test.
(A)     System Response   .  The torque response to
a step change shall be at least 90% of the requested
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change command value within 100 200
milliseconds, after a step change is commanded by
the dynamometer control system and shall be within
2 percent of the commanded torque by 300
milliseconds after the command is issued.  Any
overshoot of the commanded torque value shall not
exceed 25 percent of the torque value.
(B)     Simulation Error   .  An inertia simulation
error (ISE) shall be continuously calculated any
time the actual dynamometer speed is between 10
and 60 mph. above 10 MPH and below 60 MPH.
The average positive ISE over the driving cycle
shall be calculated by the equation in
§85.2226(a)(4)(ii)(C), and shall not exceed 1 2
percent of the inertia weight selected (IWs) for the

vehicle under test.

(C) ISE =  (IWs -  It)
IWs

 *  100

 (D) It =  Im +  32.2
V  (Fm -  Frl)dt

0

t

∫
Where: It = Total inertia being simulated by the dynamometer in

pounds mass

It (lb force)  =  It (kg) * 2.2046

Im = Base mechanical inertia of the dynamometer in

pounds mass

V = Measured roll speed in feet/second

Fm = Force measured by the load cell translated

converted to force at the roll surface in pounds

Frl = Road load force required by IHP at the measured

roll speed

t = Time (sec) in seconds

(4)     Dynamometer Parasitic Loss

(i)     Friction Curves   .  The dynamometer internal friction curves,
typically bearing and windage friction expressed as a function of
velocity, shall be capable of being automatically measured, stored,
and accounted for during vehicle operation on the dynamometer.

(ii)     Friction Curve Definition    .  Parasitic loss friction shall be expressed as
a polynomial of the type:

PLHP = Ap*Obmph + BpObmph2 + CpObmph3

Where: PLHP represents the dynamometer parasitic friction,
expressed in horsepower.
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Ap, Bp, and Cp are coefficients relating a least
squares fit of dynamometer friction and velocity.

Obmph is dynamometer roll surface velocity in miles
per hour.

(iii)     Curve Checks   .  The dynamometer system shall be designed to check
the parasitic loss curve for outliers and the degree of fit to the
polynomial equation described above.

(5)     Rolls   .

(i)     Size and Type   .  The dynamometer shall be equipped with twin rolls.  The
rolls shall be coupled side to side.  In addition, the front and rear rolls
shall be coupled.  The dynamometer roll diameter shall be between 8.5
and 21.0 inches.  The spacing between the roll centers shall comply with
the equation in §85.2226(a)(5)(iii) to within +0.5 inches and -0.25 inches.
The parasitic and generic tire/roll interface losses for the specific roll
diameter, spacing, and surface finish used shall be determined as
indicated in §85.2226(a)(2)(viii), (a)(2)(ix), and §85.2226(a)(2)(xii) as
necessary to properly load vehicles as defined in §85.2226(a)(2)(ii) and
§85.2226(a)(2)(iii).  The dynamometer rolls shall accommodate an inside
track width of 30 inches and an outside track width of at least 100 inches.

(ii)     Roll Installation    .  Rolls shall be installed in the floor such that
vehicles will be within ±5 degrees of horizontal.

(iii)     Roll Spacing   .  The spacing between the roll centers shall comply with the
equation in §85.2226(a)(5)(ii) following equation to within +0.5 inches
and -0.25 inches.

Roll Spacing  =  (24.375 + D) * Sin 31.51532¤

Where: Roll Spacing = the distance between the roll
centerlines in inches.

D = Roll diameter in inches

Roll spacing and dynamometer roll diameter are expressed in
inches.

(iv)     Roll Surface   .    Design   .  The roll size surface finish and hardness shall be
such that tire slippage on the first acceleration of the transient driving
cycle is minimized when testing vehicles using the inertia weight and
horsepower settings found in the EPA I/M Look-up Table while
following the IM240 driving schedule. under all weather conditions; that
the specified accuracy of the distance measurement is maintained; and
that tire wear and noise are minimized.

(v)     Test Distance and Vehicle Speed   .  The total number of dynamometer roll
revolutions shall be used to calculate the distance traveled.  Pulse
counters may be used to calculate the distance directly if there are at
least 16 pulses per revolution.  The measurement of the actual roll
distance for the composite and each phase of the transient driving cycle
shall be accurate to within ±0.01 mile.  The measurement of the roll speed
shall be accurate to within ±0.1 mph over the IM240 driving schedule.
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Roll speed measurement systems shall be capable of accurately
measuring a 3.3 mph per second acceleration rate over a one second
period with a starting speed of 10 mph.   Inertia Weight Selection   .  For
dynamometer systems employing mechanical inertia flywheels, the test
system shall be equipped with a method, independent from the flywheel
selection system, that identifies which inertia weight flywheels are
actually rotating during the transient driving cycle.

(vi)     Vehicle Lift   .  A vehicle lift system located between the dynamometer
rolls shall be provided to facilitate drive axle positioning and vehicle
egress from the dynamometer.

(vii)     Vehicle Restraint System     .  The dynamometer shall include a system
of safely restraining the forward and side-to-side motion of front
wheel drive vehicles, and the forward motion of rear wheel drive
vehicles during the IM240 driving schedule, while allowing
unobstructed ingress and egress from the dynamometer.  The
restraint system shall automatically prevent the start of the driving
schedule until it is engaged.

(6)     Load Cell   .

(i)     Torque Measurement   .  The dynamometer shall have a torque
measurement system accurate to within ±2% of full scale.

(ii)     Dead Weights   .  The torque meter or load cell shall use dead weights
for calibration over the range of loads experienced in testing.  The
dead weights shall be traceable to NIST and be accurate to within
±0.5%.

(7)     Driver's Aid    .

(i)     Video Display   .  The dynamometer shall be equipped with a video
display device able to be easily positioned to accommodate all test
vehicles while clearly visible to the driver.  The aid shall have a
cursor to continuously display desired and actual vehicle speed.
Other relevant information for conducting testing safely mad
accurately may be displayed.

(ii)     Remote Capabilities   .  The dynamometer shall have a means of
allowing the driver to start the test, perform an emergency stop, and
perform other necessary and convenient functions related to the test
while inside the vehicle.

(8)     Other   .

(i)     Augmented Braking   .  Fully automatic augmented braking shall be used
from seconds 85 through 95 and after second 223 during decelerations of
more than 2.0 mph/sec of the driving cycle and when the vehicle is
above the desired speed.  Fully automatic augmented braking may be
used in other deceleration periods of the driving cycle with the approval of
the Administrator.  During the periods of augmented braking a signal shall
be provided to the operator shall be made aware that augmented braking
is occurring and shall be trained to not to use the vehicle accelerator
during these periods.  It shall be automatically interlocked such that it can
be actuated only while when the force applied by the vehicle is
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negative. vehicle brakes are applied.  Simultaneous engine acceleration is
systematically prevented through periodic quality assurance.

(ii)     Cooling Fan    .  The test system shall provide for a method to prevent
overheating of the vehicle.  The An optional cooling method fan shall
direct air to the cooling system of the test vehicle.  The cooling system
fan capacity shall be 5400 ±300 SCFM, positioned within 12 inches (30.5
cm) of the intake to the vehicle's cooling system, and avoid
unrepresentative The cooling system design shall avoid improper cooling
of the catalytic converter.

(9)     All Wheel Drive Dynamometers   .

(i)     Design    .  The dynamometer shall meet the requirements for two
wheel drive vehicles and be capable of testing traction control and all
wheel drive vehicles in a safe manner without damaging the vehicle.

(ii)      Wheelbase   .  The all wheel drive dynamometer shall be capable of
testing vehicles having a wheelbase between 85 and 125 inches.  The
system shall provide a locking mechanism to secure the roll at the
desired wheelbase.

(iii)     Speed Synchronization    .  Front and rear wheels shall maintain speed
synchronization within ±0.2 mph.

   

(vii)          Range and Curve of Power Absorber   .  The range of power absorber at 50
mph shall be sufficient to cover track road-load horsepower (TRLHP)
values between 4 and 35 horsepower.  The absorption shall be adjustable
across the required horsepower range at 50 mph in 0.1 horsepower
increments.  The accuracy of the power absorber shall be ±0.25
horsepower or ±2% of point whichever is greater.

(viii)         Parasitic Losses (General Requirements)   .  The parasitic losses in each
dynamometer system (such as windage, bearing friction, and system drive
friction) shall be characterized between 10 and 60 mph upon initial
acceptance.  There shall be no sudden discontinuities in parasitic losses
below 10 mph.  Further, when added to the lowest possible loading of the
power absorber (dynamometer motoring is considered a negative load),
the parasitic losses must be sufficiently small such that proper loading will
occur between 10 and 60 mph for a vehicle with a 50 mph track road-load
horsepower value of 4 horsepower.  The parasitic horsepower losses shall
be characterized either digitally in five mph increments and linearly
interpolated in-between, or the data at 10 mph increments shall fit the
equation in §85.2226(a)(2)(ix) to within 2 percent of point.

(ix)       PLHP = {Ap * (Obmph)} + {(Bp) * (Obmph)2} + {(Cp) * (Obmph)3}

PLHP  =            Dynamometer parasitic losses.

     Ap, Bp, and Cp are curve coefficients necessary to

properly characterize the dynamometer
parasitic losses for the inertia weight(s)
used.
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(xvii)       Indicated Horsepower   .  The power absorption for each test shall be
selected at 50 mph.  The indicated power absorption (IHP) at 50 mph after
accounting for parasitic and generic tire losses shall be determined by the
equation in §85.2226(a)(2)(xv).

(xviii)   IHP@ 50 mph  =  TRLHP@ 50 mph - PLHP@ 50 mph - GTRL@ 50 mph

(xix)     In systems where the power absorption is actively controlled, the indicated
horsepower at each speed between 0 and 60 mph shall conform to the
equation in §85.2226(a)(2)(xvii).  Approximations for a smooth curve with
no discontinuities may be used between 0 and 10 mph.

(xx)      IHP@ Obmph  =  TRLHP@ Obmph - PLHP@ Obmph - GTRL@  Obmph

(3)            Rolls   .

(i)             Size and Type   .  The dynamometer shall be equipped with twin rolls.  The
rolls shall be coupled side to side.  In addition, the front and rear rolls
shall be coupled.  The dynamometer roll diameter shall be between 8.5
and 21.0 inches.  The spacing between the roll centers shall comply with
the equation in §85.2226(a)(3)(ii) to within +0.5 inches and -0.25 inches.
The parasitic and generic tire/roll interface losses for the specific roll
diameter, spacing, and surface finish used shall be determined as
indicated in §85.2226(a)(2)(viii), (a)(2)(ix), and §85.2226(a)(2)(xii) as
necessary to properly load vehicles as defined in §85.2226(a)(2)(ii) and
§85.2226(a)(2)(iii).  The dynamometer rolls shall accommodate an inside
track width of 30 inches and an outside track width of at least 100 inches.

(ii)        Roll Spacing  =  (24.375 + D) * SIN 31.5153_

D  =  dynamometer roll diameter.

Roll spacing and dynamometer roll diameter are expressed in
inches.

(iii)           Design   .  The roll size, surface finish, and hardness shall be such that tire
slippage on the first acceleration of the transient driving cycle is
minimized under all weather conditions; that the specified accuracy of the
distance measurement is maintained; and that tire wear and noise are
minimized.

(4)           Inertia   .

(i)              Mechanical Inertia Simulation   .  The dynamometer shall be equipped with
mechanical flywheels providing test inertia weights between at least 2000
to 5500 pounds, in increments of no greater than 500 pounds.  The
tolerance on the base inertia weight and the flywheels shall be within 1%
of the specified test weights.  The proper inertia weight for any test
vehicle shall be selectable.

(ii)            Electric Inertia Simulation   .  Electric inertia simulation, or a combination
of electric and mechanical simulation may be used in lieu of mechanical
flywheels, provided that the performance of the electrically simulated
inertia complies with the following specifications.  Exceptions to these
specifications may be allowed upon a determination by the Administrator
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that such exceptions would not significantly increase vehicle loading or
emissions for the purpose of properly conducting an approved short test.

(A)        System Response   .  The torque response to a step change shall be at
least 90% of the requested change within 100 milliseconds after a
step change is commanded by the dynamometer control system, and
shall be within 2 percent of the commanded torque by 300
milliseconds after the command is issued.  Any overshoot of the
commanded torque value shall not exceed 25 percent of the torque
value.

(B)        Simulation Error   .  An inertia simulation error (ISE) shall be
continuously calculated any time the actual dynamometer speed is
above 10 MPH and below 60 MPH.  The ISE shall be calculated by
the equation in §85.2226(a)(4)(ii)(C), and shall not exceed 1
percent of the inertia weight selected (IWs) for the vehicle under

test.

(C)    ISE  =  (IWs - It) / (IWs) * 100

(D)    It  =  Im  +  BBC((F(1,V))  IIN(0,t, (Fm - Frl) DT)

Where:

It       =    Total inertia being simulated by the dynamometer

(kg)

It (lb force)  =  It (kg) * 2.2046

Im      =    Base (mechanical inertia of the dynamometer (kg)

V       =    Measured roll speed (m/s)

Fm     =    Force measured by the load cell (translated to the

roll surface) (N)

Frl     =    Road load force (N) required by IHP at the

measured roll speed (V)

t        =    Time (sec)

(iii)          Inertia Weight Selection   .  For dynamometer systems employing
mechanical inertia flywheels, the test system shall be equipped with a
method, independent from the flywheel selection system, that identifies
which inertia weight flywheels are actually rotating during the transient
driving cycle.

(5)            Other Requirements   .

(i)             Test Distance and Vehicle Speed   .  The total number of dynamometer roll
revolutions shall be used to calculate the distance traveled.  Pulse
counters may be used to calculate the distance directly if there are at
least 16 pulses per revolution.  The measurement of the actual roll
distance for the composite and each phase of the transient driving cycle
shall be accurate to within ±0.01 mile.  The measurement of the roll speed
shall be accurate to within ±0.1 mph.  Roll speed measurement systems
shall be capable of accurately measuring a 3.3 mph per second
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acceleration rate over a one second period with a starting speed of 10
mph.

(ii)            Vehicle Restraint   .  The vehicle shall be restrained during the transient
driving cycle.  The restraint system shall be designed to minimize vertical
and horizontal force on the drive wheels such that emission levels are not
significantly affected.  The restraint system shall allow unobstructed
vehicle ingress and egress and shall be capable of safely restraining the
vehicle under all reasonable operating conditions.

(iii)           Vehicle Cooling   .  The test system shall provide for a method to prevent
overheating of the vehicle.  The cooling method shall direct air to the
cooling system of the test vehicle.  The cooling system capacity shall be
5400 ±300 SCFM within 12 inches (30.5 cm) of the intake to the vehicle's
cooling system.  The cooling system design shall avoid improper cooling
of the catalytic converter.

(iv)           Four-Wheel Drive   .  If used, four-wheel drive dynamometers shall  insure
the application of correct vehicle loading as defined in §85.2226(a)(2) and
shall not damage the four wheel drive system of the vehicle.  Front and
rear wheel rolls shall maintain speed synchronization within 0.2 mph.

(v)            Augmented Braking   .  Fully automatic augmented braking shall be used
from seconds 85 through 95 and after second 223 of the driving cycle.
Fully automatic augmented braking may be used in other deceleration
periods of the driving cycle with the approval of the Administrator.  During
the periods of augmented braking the operator shall be made aware that
augmented braking is occurring and shall be trained not to use the vehicle
accelerator during these periods.  It shall be automatically interlocked
such that it can be actuated only while the vehicle brakes are applied.
Simultaneous engine acceleration is systematically prevented through
periodic quality assurance.

(b) Constant Volume Sampler

(1)     General Design Requirements   .

(i)     Venturi Type   .  A constant volume sampling (CVS) system of the critical
flow venturi (CFV) or the sub-sonic venturi (SSV) type shall be used to
collect vehicle exhaust samples.  The CVS system and components shall
generally conform to the specifications in §86.109-90.

(ii)     CVS Flow Size   .  The CVS system shall be sized in a manner that
prevents condensation in the dilute sample over the range of ambient
conditions to be encountered during testing.  A 700 SCFM system is
assumed to satisfy this requirement.  The range of ambient conditions may
require the use of heated sample lines.  A 350 SCFM CVS system and
heated lines may be used to eliminate condensation and to increase
measured concentrations for better resolution.  Should the heated sample
lines be used, the sample line and components (e.g., filters, etc.) shall be
heated to a minimum of 120° F and a maximum of 250°F, which shall be
monitored during the transient driving cycle.

(iii)     CVS Compressor   .  The CVS compressor flow capacity shall be sufficient
to maintain proper flow in the main CVS venturi with an adequate margin.
For CFV CVSs the margin shall be sufficient to maintain choke flow.  The
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capacity of the blower relative to the CFV flow capacity shall not be so
large as to create a limited surge margin.

(iv)      Materials   .  All materials in contact with exhaust gas shall be unaffected
by and shall not affect the sample (i.e., the materials shall not react with
the sample, and neither shall they taint the sample as a result of out

gassing).  Acceptable materials include stainless steel, Teflon®, silicon

rubber, and Tedlar®.

(v)     Alternative Designs   .  Alternative CVS specifications, materials, or designs
may be allowed upon a determination by the Administrator, that for the
purpose of properly conducting an approved short test, the evidence
supporting such deviations will not significantly affect the proper
measurement of emissions.

(2)     Sample System    .

(i)     Sample Probe   .  The sample probe within the CVS shall be designed such
that a continuous and adequate volume of sample is collected for analysis.
The system shall have a method for determining if the sample collection
system has deteriorated or malfunctioned such that an adequate sample is
not being collected, or that the response time has deteriorated such that
the time correlation for each emission constituent is no longer valid.

(ii)     CVS Mixing Tee   .

(A)     Design and Effect   .  The mixing tee for diluting the vehicle
exhaust with ambient air shall be at the vehicle tailpipe exit as in
§86.109-90(a)(2)(iv).  The dilution mixing tee shall be capable of
collecting exhaust from all light-duty vehicle and light-duty truck
exhaust systems.  The design used shall not cause static pressure
in the tailpipe to change  such that the emission levels are
significantly affected.  A change of ±1.0 inch of water, or less,
shall be acceptable.

(B)     Locating Device   .  The mixing tee shall have a device for
positively locating the tee relative to the tailpipe with respect to
distance from the tailpipe, and with respect to positioning the
exhaust stream from the tailpipe(s) in the center of the mixing tee
flow area.  The locating device, or the size of the entrance to the
tee shall be such that if a vehicle moves laterally from one
extreme position on the dynamometer to the other extreme, that
mixing tee will collect all of the exhaust sample.

(iii)     Dual Exhaust   .  For dual exhaust systems, the design used shall insure that
each leg of the sample collection system maintains equal flow.  Equal
flow will be assumed if the design of the "Tee" intersection for the dual
CVS hoses is a "Y" that minimizes the flow loss from each leg of the "Y,"
if each leg of the dual exhaust collection system is approximately equal in
length (± 1 foot), and if the dilution area at the end of each leg is
approximately equal.  In addition, the CVS flow capacity shall be such
that the entrance flow velocity for each leg of the dual exhaust system is
sufficient to entrain all of the vehicle's exhaust from each tailpipe.

(iv)     Background Sample   .  The mixing tee shall be used to collect the
background sample. The position of the mixing tee for taking the
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background sample shall be within 12 lateral and 12 longitudinal feet of
the position during the transient driving cycle, and approximately 4
vertical feet from the floor.

(v)    Integrated Sample   .  A continuous dilute sample shall be provided for
integration by the analytical instruments in a manner similar to the
method for collecting bag samples as described in §86.109.

(c) Analytical Instruments

(1)     General Requirements   .

(i)    Instrument Specifications   .  The emission analysis system shall
automatically sample, integrate, and record the specified emission values
for HC, CO, CO2, and NOx.  Performance of the analytical instruments
with respect to accuracy and precision, drift, interferences, noise, etc.
shall be similar to instruments used for testing under §86 Subparts B, D,
and N.  Analytical instruments shall perform in this manner in the full
range of operating conditions in the lane environment.

(ii)     Alternative Designs   .  Alternative analytic equipment specifications,
materials, designs, or detection methods may be allowed upon a
determination by the Administrator, that for the purpose of properly
conducting an approved short test, the evidence supporting such deviations
will not significantly affect the proper measurement of emissions.

(2)     Detection Methods and Instrument Ranges       (EPA is reviewing existing IM240
    data to determine if more appropriate ranges can be proposed.)

(i)     Total Hydrocarbon Analysis   .  Total hydrocarbon analysis shall be
determined by a flame ionization detector.  If a 700 SCFM CVS is used,
the analyzer calibration curve shall cover at least the range of 0 ppmC to
2,000 ppmC.  Use of a different CVS flow capacity shall require an
adjustment to these ranges.  Appropriate documentation supporting any
adjustment in ranges shall be available.  Such documentation shall also
address the ability of any altered ranges to accurately measure all cut
points, including cut points for vehicles older than those specified in
§85.2205(a), that may be used in the specific I/M program for which the
altered ranges are proposed to be used.The calibration curve must comply
with the quality control specifications in §85.2234(d) for calibration curve
generation.

(ii)     Carbon Monoxide Analysis   .  CO analysis shall be determined using a non-
dispersive infrared analyzer.  If a 700 SCFM CVS is used, CO analysis
shall cover at least the range of 0 ppm to 10,000 ppm (1%).  In order to
meet the calibration curve requirements, two CO analyzers may be
required - one from 0 to 1000 or 2000 ppm, and one from 0 to 1% CO.  Use
of a different CVS flow capacity shall require an adjustment to these
ranges.  Appropriate documentation supporting any adjustment in ranges
shall be available.  Such documentation shall also address the ability of
any altered ranges to accurately measure all cut points, including cut
points for vehicles older than those specified in §85.2205(a), that may be
used in the specific I/M program for which the altered ranges are proposed
to be used.The calibration curve requirements and the quality control
specifications in §85.2234(d) apply to both analyzers.
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(iii)     Carbon Dioxide Analysis   .  CO2 analysis shall be determined using an

NDIR analyzer.  If a 700 SCFM CVS is used, CO2 analysis shall cover at

least the range of 0 ppm to 40,000 ppm (4%).  Use of a different CVS flow
capacity shall require an adjustment to these ranges.  Appropriate
documentation supporting any adjustment in ranges shall be available.
Such documentation shall also address the ability of any altered ranges to
accurately measure all cut points, including cut points for vehicles older
than those specified in §85.2205(a), that may be used in the specific I/M
program for which the altered ranges are proposed to be used.The
calibration curve must comply with  the quality control specifications in
§85.2234(d) for calibration curve generation.

(iv)     Oxides of Nitrogen Analysis   .  NOx analysis shall be determined using
chemiluminescense.  The NOx measurement shall be the sum of nitrogen
oxide and nitrogen dioxide.  Alternatively, NOx measurements may be
made by re-calibrating the chemiluminescense analyzer in NO only
mode, then running the analyzer in NO only mode and multiplying
the result by 1.03.  This will eliminate the need for the converter and
flow balance checks in §85.2234(d)(5) and §85.2234(d)(6).

If a 700 SCFM CVS is used, the NOx analysis shall cover at least the
range of 0 ppm to 500 ppm.  Use of a different CVS flow capacity shall
require an adjustment to these ranges.  Appropriate documentation
supporting any adjustment in ranges shall be available.  Such
documentation shall also address the ability of any altered ranges to
accurately measure all cut points, including cut points for vehicles older
than those specified in §85.2205(a), that may be used in the specific I/M
program for which the altered ranges are proposed to be used. The
calibration curve must comply with the quality control specifications in
§85.2234(d) for calibration curve generation.

(3)     System Response Requirements   .  The governing requirement for system response is
the ability of the integration system to measure vehicle emissions to within ±5% of
that measured from a bag sample simultaneously collected over the same
integration period, on both clean and dirty vehicles.  Historically, continuously
integrated emission analyzers have been required to have a response time of 1.5
seconds or less to 90% of a step change, where a step change was 60% of full
scale or better.  System response times between a step change at the probe and
reading 90% of the change have generally been less than 4 - 10 seconds.  Systems
proposed that exceed these historical values shall provide an engineering
explanation as to why the slower system response of the integrated system will
compare to the bag reading within the specified 5%.

(4)    Integration Requirements   .

(i)     Sampling Frequency   .  The analyzer voltage responses, CVS pressure(s),
CVS temperature(s), dynamometer speed, and dynamometer power shall
be sampled at a frequency of no less than 5 Hertz, and the voltage levels
shall be averaged over 1 second intervals.

(ii)     Time Alignment   .  The system shall properly time correlate each analyzer
signal and the CVS signals to the driving trace.

(iii)     Engineering Units   .  The one-second average analyzer voltage levels
shall be converted to concentrations by the analyzer calibration curves.
Corrected concentrations for each gas shall be derived by subtracting the
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pre-test background concentrations from the measured concentrations,
according to the method in §85.2205(b).  The corrected concentrations
shall be converted to grams for each second using the equations specified
in §85.2205(b) to combine the concentrations with the CVS flow over the
same interval.  The grams of emissions per test phase shall be determined
using the equations in §85.2205(b).

(iv)      Multiple Analyzers   .  When multiple analyzers are used for any
constituent, the integration system shall simultaneously integrate both
analyzers.  The integrated values for the lowest analyzer in range shall be
used for each second.

(v)     Background Samples   .  For all constituents, the background
concentration levels from the lowest range analyzer shall be used,
including the case where multiple analyzers may have been used.

(5)     Analytical System Design   .

(i)      Materials   .  All materials in contact with exhaust gas prior to and
throughout the measurement portion of the system shall be unaffected by
and shall not affect the sample (i.e., the materials shall not react with the
sample, and neither shall they taint the sample as a result of out gassing).
Acceptable materials include stainless steel, Teflon, silicon rubber, and

Tedlar®.

(ii)     Bag Ports   .  All analysis systems shall have provisions for reading a sample
bag.  A portable pump for sampling such bags is permitted.

(iii)     System Filters   .  The sample system shall have an easily replaceable filter
element to prevent particulate matter from reducing the reliability of the
analytical system.  The filter element shall provide for reliable sealing
after filter element changes.  If the sample line is heated, the filter system
shall also be heated.

(iv)     Availability of Intermediate Calculation Variables   .  Upon request prior to
a test, all intermediate calculation variables shall be available to be
downloaded to electronic files or hard copy.  These variables shall include
those that calculate the vehicle emission test results, perform emission
analyzer and dynamometer function checks, and perform quality assurance
and quality control measurements.



DRAFT

DRAFT 42

§85.2227 Evaporative System Equipment Specifications

(a) General Requirements

(1)     Equipment Design   .  Automated and computerized test systems shall be used for the
evaporative system tests wherever they are appropriate.  Pass/fail decisions
shall be made automatically.  The systems shall be tamper resistant and designed
to avoid damage to the vehicle during installation, testing, and removal.

(2)     Alternative Systems   .  Alternative purge, pressure, or gas cap test equipment
specifications materials, or designs may be proposed by a state if they are
supported by data and approved in advance by the Administrator. a
determination by the Administrator that, for the purpose of properly conducting an
approved short test, the evidence supporting such deviations will not appreciably or
adversely affect the proper determination of system integrity, the proper
measurement of purge, or the proper operation of the vehicle.

(b) Evaporative System Purge Test Equipment

(1)     General Requirements   .  The evaporative purge analysis system shall measure the
instantaneous purge flow in standard liters/minute, and shall compute the total
volume of the flow in standard liters over the transient driving cycle.
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(2)     Specifications   .  The pur50062
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c803   54130100   00003200c00010000000fb028nge of at least 0 to 50 liters per
minute and ±5% of full scale accuracy shall be used for the
measurement of purge flow.

(A)       ±2.0 liters per minute between 10 and 50 liters per minute
(rate)

(B)       ±0.15 liters per minute between 0 and 10 liters per minute
(rate)

(C)       ±4% of 50 standard liters total flow volume between 10 and
50 liters total flow volume over one minute.

(D)       ±1.5% of 10 standard liters between 0 and 10 liters total
volume flow over one minute.

(vi)     Noise   .  The maximum noise shall be less than 0.001 liters per second

(vii)     Calibration Gas   .  Air

(3)     Automatic Operation   .  Vehicle purge flow shall be monitored with a computerized
system at a minimum sample rate of 1 Hz, shall automatically capture average (if
sampled faster than 1 Hz) second-by-second readings, and shall automatically
derive a pass/fail decision.  In determining the total volume of flow, the monitoring
system shall not count signal noise as flow volume.  The test sequence shall be
automatically initiated when the transient driving cycle test is initiated.

(4)     Adaptability   .  The purge flow system shall have sufficient adapters to connect in a
leak-tight manner with the variety of evaporative systems and hose deterioration
conditions in the vehicle fleet.  The purge measurement system shall not
substantially interfere with purge flow.

(c) Evaporative System Pressure Test Equipment

(1)     General Requirements   .

(i)     Pressure Gas   .  Nitrogen, air or an equivalent non-toxic, non-greenhouse,
inert gas, shall be used for pressurizing the evaporative system.

(ii)     Automatic Operation   .  The process for filling the evaporative system
vapor space, monitoring compliance, recording data, and making a
pass/fail decision shall be automatic.  After the determination that the
evaporative system has been filled to the specified pressure level, and
upon initiation of the test, the pressure level in the evaporative system
shall be recorded at a frequency of no less than 1 Hertz until the
conclusion of the test.

(iii)     Test Abort   .  The system shall be equipped with an abort system that
positively shuts off and relieves pressure.  The abort system shall be
capable of being activated quickly and conveniently by the inspector
should the need arise.

(2)     Adapters and Clamps   .
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(i)             Canister Hose Adapters   .  The system shall have sufficient adapters to
connect in a leak-tight manner with the variety of evaporative systems and
hose deterioration conditions in the vehicle fleet.

(i)     Fuel Inlet Adapters   .  Adapters that fit on the vehicle's fuel inlet in a
manner similar to the gas cap and designed to supply  pressurized gas into
the fuel tank shall be used for the fuel inlet pressure test specified in
§85.2222(d).  Adapters shall be available for at least 95 percent of the fuel
inlets that are used on U.S. light duty vehicles and light duty trucks for the
model years covered by the program.  Varying internal volumes of the
adapter assemblies shall not affect the accuracy of the test results.  New
adapters shall be made available within two years of the introduction of
new model year vehicles.

(ii)     Hose Clamp   .  The hose clamp used for the fuel inlet pressure test shall be
designed to apply only enough pressure to close the hose flexible vent
line between the fuel tank and canister without damaging it.  The nose
of the clamp shall be smooth-surfaced or otherwise designed to avoid
abrasion of the vent line.

(3)     Pressure Gauge   .  The device for measuring pressure in the vehicle's evaporative
system shall have a minimum range of 0 to 50 28 inches of water and an accuracy
of     +    0.3 inches of water, or 2% of point, whichever is greater.

(4)            Flow Meter   .  A flow meter with a range of at least 0 to 10 liters per minute and
±5% accuracy shall be used for the measurement of flow.

(5)            Gas Cap Tester   .  The tester shall provide a visual or digital signal that the required
air supply pressure is within the acceptable range and the flow comparison test is
ready to be conducted.  The tester shall incorporate an upstream maintainable
filter.  If the tester is battery powered, it must be equipped with an automatic
shutoff and a low-battery indicator.  A NIST traceable reference passing fuel cap of
nominal 52-56 cubic centimeters per minute, and a NIST traceable reference
failing fuel cap of nominal 64-68 cubic centimeters per minute shall be supplied
with the tester for daily test verification.  Leak rate measurements shall be
accurate to ±3 cubic centimeters per minute.

(6)            Flow Standard   .  The flow standard shall be a square edged circular orifice with a
NIST traceable flow rate which in combination with the comparison circuitry will
produce a pass/fail threshold of 60 cubic centimeters at 30 inches of water column.
Transducers used in the comparison circuitry shall have accuracy traceable to
NIST.  The supply pressure may be obtained using room air and any convenient
low pressure source.  The tester shall control the supply pressure and prevent over
pressurization.

(d) Gas Cap Test Equipment

(1)     General Requirements   .

(i)     Alternative Designs   .  Designs exceeding the specifications presented
below are permissible provided they avoid problems of false failure.
Information submitted to EPA by vehicle manufacturers and gas cap
suppliers shows that gas cap testers should not fail caps with leak
rates below 20 cc/min at 30 inches of WC, and allow an adequate
margin of safety above a 20 cc/min OEM specification.  Testers
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failing gas caps below 60 cc/min at 30 in. WC are permissible
provided they do not falsely fail passing caps, or new OEM or
aftermarket replacement caps.

(ii)     Gas Cap Adapters   .  The gas cap tester shall accommodate at least 95
percent of the gas caps that are used on U.S. light duty vehicles and
trucks for the model years covered by the gas cap test program.

(iii)     Pressurizing Gas   .  Air, Nitrogen, or an equivalent non-toxic, non-
greenhouse, inert gas, shall be used for pressurizing the evaporative
system. vapor gas cap tester.

(iv)     Automatic Operation   .  The process for making a pass/fail decision shall be
as automated as is reasonable.  The minimum desired output signal is
a qualitative indication of a passing or failing gas cap.

(iii)           Test Abort   .  The system shall be equipped with an abort system that
positively shuts off and relieves pressure.  The abort system shall be
capable of being activated quickly and conveniently by the inspector
should the need arise.

(v)     Over-Pressurization    .  The tester shall control the supply pressure of
the gas used for pressure decay, direct flow measurement, or flow
comparison methods and prevent over-pressurization.

(2)     Gas Cap Tester   .  The tester shall provide a visual or digital signal that the
required air supply pressure is within the acceptable range and the flow comparison
test is ready to be conducted.  The tester shall incorporate an upstream
maintainable filter.  If the tester is battery powered, it must be equipped with an
automatic shutoff and a low-battery indicator.  A NIST traceable reference passing
fuel cap of nominal 52-56 cubic centimeters per minute, and a NIST traceable
reference failing fuel cap of nominal 64-68 cubic centimeters per minute shall be
supplied with the tester for daily test verification.  Leak rate measurements shall
be accurate to ±3 cubic centimeters per minute.

(i)     Range   .  The tester shall identify passing gas caps with a leak rate
equal to or less than 60 cc/min of air at 30 inches of WC, and failing
caps with leak rates more than 60 cc/min at 30 inches of WC at
reference conditions of 70F and 1 atm.

(ii)     Filter   .  A serviceable air filter shall be incorporated upstream of flow
orifices.

(iii)     Power Supply   .  Battery powered testers shall be equipped with an
automatic shutoff and a low-battery indicator.

(iv)     Accuracy   .  Pressure decay, direct flow measurement, or flow
comparison methods shall be accurate to ±3 cc/min at the 60 cc/min
flow standard.

(v)     Reference Caps and Orifices   .  NIST traceable reference passing fuel
caps or orifices of nominal 52-56 cc/min, and NIST traceable
reference failing fuel caps or orifices of nominal 64-68 cc/min shall
be supplied with the tester for daily verification tests.
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(4)            Flow Standards   .  The flow standard shall be a square edged circular orifice with a
NIST traceable flow rate which in combination with the comparison circuitry will
produce a pass/fail threshold of 60 cubic centimeters at 30 inches of water column.
Transducers used in the comparison circuitry shall have accuracy traceable to
NIST.  The supply pressure may be obtained using room air and any convenient
low pressure source.  The tester shall control the supply pressure and prevent over
pressurization.
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§85.2234 IM240 Test Quality Control Requirements

(a) General Requirements

(1)      Manufacturers' Recommendations   .  Manufacturers' recommendations for
equipment installation, calibration, and maintenance, shall be followed.

(2)     Statistical Process Control   .  SPC tracking methods shall be established for
appropriate equipment checks and custom diagnostic or verification tests.

(3)      Modifications to Quality Control Requirements   .  Changes to the type or
frequency of the quality checks are permitted provided they are based on
SPC analysis, or data from experimental studies.

(1)             Minimums   . The frequency and standards for quality control specified here are
minimum requirements, unless modified as specified in §85.2234(2).  Greater
frequency or tighter standards may be used as needed.

(2)            Statistical Process Control   .  Reducing the frequency of the quality control checks,
modifying the procedure or specifications, or eliminating the quality control checks
altogether may be allowed if the Administrator determines, for the purpose of
properly conducting an approved short test, that sufficient Statistical Process
Control (SPC) data  exist to make a determination, that the SPC data support such
action., and that taking such action will not significantly reduce the quality of the
emission measurements.  Should emission measurement performance or quality
deteriorate as a result of allowing such actions, the approval shall be suspended,
and the frequencies, procedures, specifications, or checks specified here or
otherwise approved shall be reinstated, pending further determination by the
Administrator.

(3)             Modifications   .The Administrator may modify the frequency and standards
contained in this section if found to be impractical.

(b) Dynamometer

(1)     Dynamometer Manufacturer Recommendations

(i)      Minimum Requirements   .  The dynamometer manufacturer's
requirements for periodic diagnostic checks, calibration, scheduled
maintenance, and recommended quality control monitoring shall be
followed.

(ii)      Warm-up Requirements   .  The dynamometer manufacturer's
procedure for insuring proper warm-up over a 35 to 110°F
temperature range shall be followed.

(2)     Coast Down Testing   

(i)     Frequency   .  Dynamometers with electric and mechanical inertia
simulation shall receive a daily unloaded (vehicle off the
dynamometer) coast down check over the range of 60 to 10 mph.
This daily check shall be run at alternating inertia and load settings.
Dynamometers using only mechanical flywheels for inertia simulation
shall also receive additional weekly coast down checks to properly
characterize the friction at other combinations of flywheel weights.
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The number of these coast downs shall be established based on the
dynamometer design and quality control monitoring.

(ii)     Load Settings   .  Inertia and power absorber settings shall be
representative of actual vehicle test conditions, and shall result in
nominal coast down times of 20 seconds when time is measured
between 55 and 45 mph, and 22 and 18 mph.  Inertia settings are
discretionary but should attempt to be above and below the base
inertia of the dynamometer and represent high and low inertia
weight vehicles.

(iii)     Quality Control Limits   .  Actual control limits for the coast down tests
shall be established by statistical process control practices.  At
minimum, the 55 to 45 mph and 22 to 18 mph coastdown times shall
be within ±1 second of the theoretical coastdown time based on the
following equation:
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Where: t = The coastdown time in seconds

ETW = The Equivalent Test Weight  in pounds

VI = The initial roll velocity in feet/second

VF = The final roll velocity in feet/second

IHP = The dynamometer indicated horsepower

An alternative to the ±1 second limit is to perform an unloaded
coastdown from 60 to 10 mph and reduce the speed/time data to
produce a polynomial relationship between horsepower (or force)
versus time.  The measured horsepower curve shall be within ±0.25
horsepower or ±3% of point, whichever is greatest.

Dynamometers which exceed specific SPC limits or the coast down
limits presented above, shall be removed from service until
corrective action is taken to assure the dynamometer is performing
satisfactorily.

 (3)     Parasitic Loss Checks

(i)     Frequency   .  Checks of the parasitic loss curve shall be conducted at
a frequency  recommended by the dynamometer manufacturer, as
required by inspection of quality control data, or as necessary
following service to the dynamometer.

(ii)     Quality Control Limits   .  Parasitic loss measurements shall be
measured between 10 and 60 mph.  Limits on the repeatability of the
loss curves and the degree of fit of the data shall be established by
examination of quality control data.
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Dynamometers which exceed dynamometer specific SPC limits for
parasitic loss checks shall be removed from service until corrective
action is taken to ensure the dynamometer is performing
satisfactorily.

(4)     Roll Speed    .

(i)     Frequency   .  Periodic checks of the roll speed measurement system
shall be made as recommended by the dynamometer manufacturer,
as required by inspection of quality control data, or as necessary
following service to the dynamometer.

(ii)     Quality Control Limits   .  If roll speed checks are conducted, the
measured roll speed shall agree to within ±0.1 mph of the calibration
standard.  Dynamometers which exceed the 0.1 mph limit shall be
removed from service until corrective action is taken to ensure the
dynamometer is performing satisfactorily.

(5)     Acceptance Criteria   

(i)     General   .  Prior to dynamometer acceptance, the dynamometer shall
demonstrate compliance with the design criteria for the load cell
accuracy, power absorber curve accuracy, roll geometry,
dynamometer simulation error, electric inertia response time,
parasitic loss measurement, and safety requirements.  These criteria
are specified in §85.2226(a).

(ii)     Base Inertia Verification    .  The base inertia of dynamometers shall be
verified before dynamometer acceptance.  The base inertia weight
plus individual prime weights shall be verified for dynamometers
which simulate inertia with mechanical flywheels.  The specified base
inertia shall agree with acceptance testing measurements within ±10
pounds.

(iii)    Independent Speed and Distance Verification    .  An independent
method of verifying dynamometer roll speed and distance
measurement accuracy shall be performed before dynamometer
acceptance to ensure compliance with the specifications in
§85.2226(a)(5)(v).

(1)            Coast Down Check   .

(i)         The calibration of each dynamometer shall be checked on a weekly basis
by a dynamometer coast-down equivalent that in §86.118-78 (for reference
see TSD Test Procedures TP-302A and TP-202) between the speeds of 55
to 45 mph, and between 22 to 18 mph.  All rotating dynamometer
components shall be included in the coast-down check for the inertia
weight selected.

(ii)        The base dynamometer and the base plus each prime inertia weight
flywheel, if any, shall be checked with at least two horsepower settings
within the normal range of the inertia weight.  For dynamometers that use
electrical inertia simulation and have a base inertia outside of the range of
3000 pounds to 4500 pounds, the coast-down check shall be conducted
with at least two horsepower settings at the base inertia, and two settings
at either 2500 pounds or 4500 pounds, whichever is furthest from the base
inertia weight.  For both mechanical flywheel dynamometers and
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electrical inertia simulation dynamometers, the horsepower settings
selected shall correspond to a vehicle / engine category that matches the
inertia weight selected for the coast-down test.  Where the base inertia, or
the base inertia plus the smallest flywheel results in a coast-down inertia
of less than 2250 pounds, only one horsepower setting is required for the
check.

(iii)       The coast-down procedure shall use a vehicle off-dynamometer type
method or equivalent.  If a vehicle is used to motor the dynamometer to
the beginning coast-down speed, the vehicle shall be lifted off the
dynamometer rolls before the coast-down test begins.  If the difference
between the measured coast-down time and the theoretical coast-down
time is greater than ±1 second on the 55 to 45 mph coast-down as
calculated by §85.2234(b)(1)(iii)(A) or (B), official testing shall
automatically be prevented, and corrective action shall be taken to bring
the dynamometer into calibration.  Official testing shall also automatically
be prevented, and corrective action shall be taken to bring the
dynamometer into calibration, if the difference between the measured
coast-down time and the theoretical coast-down time for 22 to 18 mph is
outside of the time window calculated by §85.2234(b)(1)(iii)(C) or (D).
For tests using inertia weights of 8500 lbs. and above, if the difference
between the measured coast-down time and the theoretical coast-down
time is outside of the time window calculated by §85.2234(b)(1)(iii)(C) or
(D) for the 22 mph to the 18 mph coast-down when substituting 0.27 HP
for the allowable force-error (equivalent to 5.0 pounds-force at 20 mph),
official testing shall automatically be prevented, and corrective action
shall be taken to bring the dynamometer into calibration.
(A)    The off-dynamometer target coast-down time at 50 mph (DET@50

mph-8) for dynamometers with 8.265 inch rolls shall be calculated

as follows.
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 (B)   The off-dynamometer target coast-down time at 50 mph (DET@50

mph-20) for dynamometers with 20.0 inch rolls shall be calculated

as follows.
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 (C)   The maximum and minimum time limits for the off-dynamometer
coast-down window at 20 mph (DTMax @ 20 mph-8, DTMin @ 20

mph-8) for dynamometers with 8.265 inch rolls shall be calculated

by the following equations.  The TRLHP and GTRL used in these
calculations shall be determined from the same vehicle / engine
category used to determine the 50 mph off-dynamometer target
coast-down time.  If the calculated maximum value (DTMax @ 20

mph-8 ) exceeds twice the target value calculated for a specific

vehicle / engine category  (DT Ave @ 20 mph-8 ), or if the

maximum value is a negative number, a value equal to twice the
target value shall be substituted for the maximum time limit.
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 (D)   The maximum and minimum time limits for the off-dynamometer
coast-down window at 20 mph (DTMax @ 20 mph-20, DTMin @ 20

mph-20) for dynamometers with 20.0 inch rolls shall be calculated

by the following equations.  The TRLHP and GTRL used in these
calculations shall be determined from the same vehicle / engine
category used to determine the 50 mph off-dynamometer target
coast-down time.
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 (E)    Where:
DET@ 50 mph-dd  =  Off-dynamometer target coast-down time

(seconds) at 50 mph for a dynamometer with a roll
diameter corresponding to the designator "dd"

DTMax @ 20 mph-dd  =  Upper off-dynamometer target coast-down

time limit (seconds) at 20 mph for a dynamometer with a
roll diameter corresponding to the designator "dd"

DTAve @ 20 mph-dd  =  Off-dynamometer target coast-down time

(seconds) at 20 mph for a dynamometer with a roll
diameter corresponding to the designator "dd"

DTMin @ 20 mph-dd  =  Lower off-dynamometer target coast-down

time limit (seconds) at 20 mph for a dynamometer with a
roll diameter corresponding to the designator "dd"

TRLHP@ 50 mph  =  Track Road Load Horsepower at 50 mph for a

specific vehicle engine category selected for the coast
down check.

TRLHP@ 20 mph  =  Track Road Load Horsepower at 20 mph for

the corresponding specific vehicle engine category selected
for the 50 mph coast down check.

GTRL@ 50 mph-dd   =  Generic Tire/Roll Horsepower loss at 50

mph for a dynamometer with "dd" roll size, and
corresponding to the specific vehicle engine category
selected for the 50 mph coast down check.

GTRL@ 20 mph-dd  =  Generic Tire/Roll Horsepower loss at 20

mph for a dynamometer with "dd" roll size, and
corresponding to the specific vehicle engine category
selected for the 50 mph coast down check.
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ETW  =  Equivalent Test Weight (i.e., inertia weight) in pounds
corresponding to the specific vehicle engine category
selected for the 50 mph coast down check.

Vxx
2  =  Velocity in feet per second corresponding to the mph value "xx"

0.17 HP  =  Horsepower representation of an allowable force-error of
3.3 pounds-force at 20 mph.  This allowable force-error is
approximately equivalent to a ± 2 second tolerance in the
off-dynamometer target coast-down time at 50 mph for a
dynamometer with 8.625" rolls when using a TRLHP
computed from the EPA on-dynamometer target coast-down
time.  This force-error is approximately equivalent to a ±
1.25 second tolerance in the off-dynamometer target coast-
down time at 50 mph for a dynamometer with 20.0" rolls.

(iv)       The clock used to check the coast-down time shall be accurate to 0.1
percent of reading between 10 and 1000 seconds with a resolution of 0.01
seconds.

(v)        The results of each dynamometer coast-down check performed shall be
automatically computed and recorded on electronic media with a date and
time stamp.

(2)            Roll Speed   .  Roll speed and roll counts shall be checked each operating day by an
independent means (e.g., photo tachometer).  Deviations of greater than ±0.2 mph
or a comparable tolerance in roll counts shall require corrective action.
Alternatively, a redundant roll speed transducer independent of the primary
transducer may be used in lieu of the daily comparison.  Accuracy of redundant
systems shall be checked monthly.

(3)             Warm-Up   .  Dynamometers shall be in a warmed up condition for use in official
testing.  Warm-up is defined as sufficient operation that allows the dynamometer to
meet the coast down time (within 3 seconds) identified for the specific
dynamometer during calibration.  The reference coast-down time shall be the value
for 55 to 45 mph with the lightest inertia weight and lowest horsepower for that
weight used during weekly calibrations.  Alternatively, the reference coast-down
time shall be the value for 22 to 18 mph with the lightest inertia weight and lowest
horsepower for that weight used during weekly calibration, with a time standard of
±20%.  Warm-up may be checked by comparing the measured parasitic losses at
least 25 mph to reference values established during calibration.

(4)            Acceptance Testing   .  Upon initial installation and prior to beginning official
testing, the performance of each dynamometer and dynamometer design shall be
verified for compliance with the requirements in §85.2226(a).  Specific acceptance
verification requirements are described in §85.2234(b)(4)(i) through
§85.2234(b)(4)(v).

(i)             Coast Down / Vehicle Loading Check Following Installation    .  The coast   
down performance of each dynamometer shall be checked to verify the
ability of the dynamometer and dynamometer load setting system to meet
dynamometer target coast down times prior to beginning official testing.
The performance shall be checked by the procedure defined in
§85.2234(b)(4)(i)(A) through §85.2234(b)(4)(i)(J), or by a comparable
procedure proposed by the State and approved by the Administrator.

(A)    The dynamometer shall be warmed-up by the dynamometer
manufacturer's procedure.
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(B)    At least three vehicle / engine categories shall be selected from the
EPA Look-Up table for vehicle loading.  The vehicle / engine
categories should cover the range of expected test vehicles.  If look-
up table data is not available at the time of acceptance testing,
TRLHP values can be selected from the table of default values in
§85.2221 (c)(5).  If default TRLHP values are used, drive-axle
weight (DAXWT) shall be computed as 46.0 percent of the test
inertia weight in the table for 2250 pounds and above.  A value of
63 percent of the test inertia weight in the table shall be used for
2249 pounds and below.

(C)    The dynamometer shall be set for the first vehicle/engine category
selected based on the variables used to uniquely index the vehicle
engine category (e.g., model year, manufacturer, model, number of
cylinders, engine size, and transmission type).

(D)    The dynamometer shall be coasted down from 65 mph to 5 mph
with the settings pre-selected in §85.2234(b)(4)(i)(C).

(E)     The 55 mph to 45 mph, and the 22 mph to 18 mph coast down times
shall be recorded for the data collected in §85.2234(b)(4)(i)(D).

(F)     The dynamometer shall be coasted down from 65 mph to 5 mph
after having been adjusted for each of the other two vehicle engine
categories, and the 55 mph to 45 mph, and the 22 mph to 18 mph
coast down times shall be recorded for each coast-down.

(G)    The coast-downs specified in §85.2234(b)(4)(i)(C) through §85.2234
(b)(4)(i)(F) shall be replicated for  a total of three coast-down tests
for each vehicle inertia category.  The replications of the coast-
downs for each vehicle engine category shall be run in random
sequence.

(H)    The off-dynamometer target coast-down time at 50 mph (DET@ 50

mph-dd) for each vehicle / engine category shall be calculated as

specified in §85.2234(b)(1)(iii)(A) or (B) for the applicable
dynamometer roll size.

(I)      The upper and lower off-dynamometer coast-down time limits at 20
mph (DTMax @ 20 mph-dd, DTMin @ 20 mph-dd) for each vehicle

/ engine category shall be calculated as specified in
§85.2234(b)(1)(iii)(C) or (D) for the applicable dynamometer roll
size.

(J)     The dynamometer vehicle loading is considered acceptable if each
measured 55 mph to 45 mph coast-down time for each vehicle /
engine category tested is within ±1 second of the off-dynamometer
target coast-down time determined in (b)(4)(i)(H) above, and if
each measured 22 mph to 18 mph coast-down time for each vehicle
/ engine category tested is within the off-dynamometer target coast-
down time limits determined in (b)(4)(i)(I) above.

(ii)            Vehicle Loading Check of Dynamometer Design   .  For each dynamometer
design used, the I/M Program Office shall obtained and maintain a report
verifying the ability of the dynamometer design to properly load vehicles
as specified in §85.2226(a).  The dynamometer manufacturer may prepare
the report.  The report shall identify how each requirement in §85.2226(a)
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is performed by the specific dynamometer design used.  In addition, where
specific performance levels or characterizations are specified {e.g.,
§85.2226 (a)(2)(viii), §85.2226(2)(x), §85.2226(4)(ii) and
§85.2226(a)(5)}, test data with supporting analysis verifying compliance
shall be included.  At a minimum, the test data shall include a comparison
and analysis of the expected coast-down times versus the actual vehicle
on-dynamometer coast-down times for at least three vehicles spanning the
range of drive axle weights and horsepower.  Actual track coast-down data
and curves shall be available for the makes and models of vehicles
selected from which the expected coast-down times shall be derived.  The
analysis shall also graphically compare the track horsepower curves to
curves generated from the on-dynamometer coast-down testing.  Reasons
for variations in time, equivalent to one horsepower, between the expected
coast-down times and the actual vehicle on-dynamometer coast-down
times, or variations between the curves of more than one horsepower shall
be explained in the report.

(iii)           Alternative        Coast Down / Vehicle Loading Check      .  This procedure may be
used in lieu of the procedures in §85.2234(b)(4)(i).  The coast down
performance of each dynamometer shall be checked with at least two
categories of vehicles to verify the ability of the dynamometer and
dynamometer load setting system to meet dynamometer target coast down
times.  The coast down performance of each dynamometer design used
shall be checked with at least 6 categories of vehicles to determine the
ability of the dynamometer design to properly load the vehicle over the
required speed range as defined in §85.2226(a)(2).  The performance of
the design shall be checked by the procedure defined
§85.2234(b)(4)(ii)(A) through §85.2234(b)(4)(ii)(L), or by a comparable
procedure proposed by the State and approved by the Administrator.

(A)    The dynamometer shall be warmed-up by the dynamometer
manufacturer's procedure, and the tires and drive train on the test
car shall be warmed-up by operating the vehicle at 50 mph for 20
minutes.  The tire pressure in the test vehicles shall be at 45 psi.

(B)    The dynamometer indicated power (IHP) and inertia weight for the
vehicle shall be selected for the test vehicle.

(C)    The test vehicle shall be coasted down from 65 mph to 5 mph on
the dynamometer with the settings pre-selected in
§85.2234(b)(4)(i)(B).

(D)    The 55 mph to 45 mph, and the 22 mph to 18 mph coast down times
shall be recorded for the data collected in §85.2234(b)(4)(i)(C).

(E)     The test vehicle shall again be coasted down from 65 mph to 5 mph
on the dynamometer with the dynamometer power absorber reset to
a load of zero.

(F)     A speed versus horsepower equation of the form in
§85.2226(a)(2)(iii) shall be determined for the data collected in
§85.2234(b)(4)(i)(E).

(G)    The test vehicle shall be removed from the dynamometer, and the
dynamometer shall be coasted down from 65 mph to 5 mph with the
dynamometer power absorber set to a load of zero.
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(H)    A speed versus horsepower equation of the form in
§85.2226(a)(2)(ix) for parasitic losses (PLHP) shall be determined
for the data collected in §85.2234(b)(4)(i)(G).

(I)      The tire/roll interface losses shall be determined by subtracting the
horsepower curve determined in §85.2234(b)(4)(i)(H) from the
horsepower curve determined in §85.2234(b)(4)(i)(F).  The tire loss
curve (GTRL) shall be in the form specified in §85.2226(a)(2)(xiii).

(J)     Repeat the steps in §85.2234(b)(4)(i)(B) through
§85.2234(b)(4)(i)(I) to obtain a total of three sets of data for each
test vehicle.  The dynamometer and vehicle may be warmed-up as
needed to meet the requirements in §85.2234(b)(4)(i)(A).

(K)    For each test vehicle, compute the average 55 mph to 45 mph coast
down time, the average 22 mph to 18 mph coast down time, and the
average tire/roll interface loss curve as measured in
§85.2234(b)(4)(i)(B) through §85.2234(b)(4)(i)(J).

(L)     The dynamometer vehicle loading is considered acceptable if, for
each test vehicle, the average values determined in
§85.2234(b)(4)(i)(K) are within ±1 second of the 55 mph to 45 mph
for the target time specified in §85.2226(a)(2)(ii), are within ±7
percent of the 22 mph to 18 mph that is calculated from
§85.2226(a)(2)(iii) and §85.2226(a)(2)(iv), and within ±15 percent
of a generic tire/roll loss curve for the category of vehicle.

(iv)           Load Measuring Device Check   .  The load measuring device on each
dynamometer shall be checked by a dead-weight method (or equivalent)
at least six points across the range of loads used for vehicle testing.
Physical checking weights shall be traceable to NIST standards to within
± 0.5 percent.  Equivalent methods shall document the method used to
verify equivalent accuracy.  The accuracy of the interpreted value used for
calculation or control shall be within ±1 percent of full scale.

(v)            Vehicle Inertia Loading   .  The actual inertia applied to the vehicle by each
inertia weight, in combination with the base inertia, shall be verified for
each dynamometer to insure compliance with the requirements in
§85.2226(a)(4)(i) or §85.2226(a)(4)(ii) as applicable.

(vi)           Parasitic loss check between 8 and 12 mph   .  The coast down time of each
dynamometer between 8 and 12 mph shall be verified for compliance with
the requirements of §85.2226(a)(2)(x).

(vii)          Speed and Distance Check   .  The performance of the speed and distance
measuring system of each dynamometer shall be verified for compliance
with the requirements of §85.2226(a)(5)(i).  The ability to resolve
acceleration as specified in §85.2226(a)(5)(i) need only be generically
verified for the design used.  If more than one design is used, each design
shall be verified.

(viii)          Warm-up System Check   .  The dynamometer warm-up system shall be
checked for compliance with the requirements in §85.2234(b)(3) by
conducting a coast down check immediately following completion of the
warm-up specified by the dynamometer manufacturer or the system.  The
design of the warm-up system should be checked across the range of
temperatures experience in-use, and particularly at the lower speeds.
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(5)            Coast-down Times   .  Following acceptance, 55 to 45 mph, and 22 to 18 mph coast-
down times shall be determined for quality control purposes with the vehicle off
the dynamometer for each inertia weight and for at least 2 horsepower settings
within the normal range of the inertia weight as required in §85.2234(b)(1)(ii).
These quality control values shall be determined when the dynamometer has been
set to meet either the coast-down target times with the vehicle on the
dynamometer (i.e., 55 to 45 mph and 22 to 18 mph), or the equation coefficients.
The I/M program manager, may however, select different vehicle/engine
categories to check coast-down times as in §85.2234(b)(4)(i) for audit purposes.

(c) Constant Volume Sampler

(1)     Flow Calibration   .  The flow of the CVS shall be calibrated at six flow rates upon
initial installation, 6 months following installation, and every 12 months thereafter.
Weekly SPC tracer gas injection data may be used to verify CVS flow in lieu
of the annual calibration requirement.  This data shall be made available to
EPA upon request.  The flow rates shall include the nominal rated flow-rate and
a rate below the rated flow-rate for both critical flow venturis and subsonic
venturis, and a flow-rate above the rated flow for sub-sonic venturis.  The flow
calibration points shall cover the range of variation in flow that typically occurs
when testing.  A complete calibration shall be performed following repairs to the
CVS that could affect flow.

(2)     System Check   .  CVS flow calibration at the nominal CVS design flow shall be
checked once per operating day using a procedure that identifies deviations in flow
from the true value.  A procedure equivalent to that in §86.119(c) shall be used.
Deviations greater than ±4% shall result in automatic lockout of official testing
until corrected.

(3)     Cleaning Flow Passages   .  The sample probe shall be checked at least once per
month and cleaned if necessary to maintain proper sample flow.  CVS venturi
passages shall be checked once per year and cleaned if necessary.

(4)     Probe Flow    .  The indicator identifying the presence of proper probe flow for the
system design (e.g., proportional flow for CFV systems, minimum flow for time
correlation of different analyzers) shall be checked on a daily basis.  Lack of
proper flow shall require corrective action.

(5)     Leak Check   .  The vacuum portion of the sample system shall be checked for leaks
on a daily basis and each time the system integrity is violated (e.g., changing a
filter).

(6)            Bag Sample Check   .  On a quarterly basis, vehicle exhaust shall be collected in
sample bags with simultaneous integrated measurement of the sample.  At least
one bag each for Phase 1 and for Phase 2 of the transient test cycle shall be
conducted.  Differences between the two measurement systems greater than 10%
shall result in system lockout until corrective action is taken.  For the purposes of
acceptance testing, the differences shall be no greater than 5%.

(6)     System        Response Time Check   .  The response time of each analyzer shall be
checked upon initial installation, during each check for compliance with
§85.2234(c)(6), after each repair or modification to the flow system that would
reasonably be expected to affect the response time, and at least once per week.
The check shall include the complete sample system from the sample probe to the
analyzer.  Statistical process control shall be used to monitor compliance and
establish fit for use limits based on the requirements in §85.2226(c).  At a
minimum, response time measurements that deviate significantly from the average
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response time for all CVS systems designed to the same specification in the
program shall require corrective action before testing may resume.

(8)      Mixing Tee Acceptance Test   .

(i)     Static Pressure Requirement   .  The design of the mixing tee shall be
evaluated by running the transient driving cycle on at least two vehicles,
representing the high and low ends of engine displacement and inertia.
Changes in the static tailpipe pressure with and without CVS, measured
on a second-by-second basis within 3 inches of the end of the tailpipe,
shall not exceed ±1.0 inch of water.

(ii)     Single Exhaust System     .  The ability of the mixing tee design to capture
all of the exhaust as a vehicle moves laterally from one extreme position
on the dynamometer to the other extreme shall be evaluated with back-to-
back testing of three vehicles, representing the high and low ends of
engine displacement and inertia.  The back-to-back testing shall be done
with the mixing tee at the tailpipe and with an airtight connection to the
tailpipe (i.e., the mixing tee will be effectively moved downstream, as in
typical FTP testing).  The difference in carbon-balance fuel economy
between the mixing tee located at the vehicle and the positive connection
shall be no greater than 5%.

(iii)     Dual Exhaust System     .  The design of the dual exhaust system shall be
evaluated with back-to-back testing of three vehicles, representing the
high and low ends of engine displacement and inertia, with an airtight
connection to the tailpipe (i.e., the mixing tee will be effectively moved
downstream, as in typical FTP testing, for these qualification tests).  The
difference in carbon-balance fuel economy between the two methods shall
be no greater than 5%.

(d) Analysis System

(1)     Calibration Curve Generation   .

(i)    Initial Installation Calibration    .  Upon initial installation, calibration
curves shall be generated for each analyzer.  If an analyzer has more than
one measurement transducer, each transducer shall be considered as a
separate analyzer in the analysis system for the purposes of curve
generation and analysis system checks.

(ii)     Complete Range Calibration    .  The calibration curve shall consider the
entire range of the analyzer as one curve.

(iii)     Calibration Point Spacing   .  At least 5 calibration points plus zero shall
be used in the lower portion of the analyzer range corresponding to an
average concentration of approximately 2 gpm for HC, 30 gpm for CO, 3
gpm for NOx, and 400 gpm for CO2.  When both a low range analyzer and

a high range analyzer are used for a single interest gas (e.g., CO), the high
range analyzer shall use at least 5 calibration points plus zero in the lower
portion of the high range scale corresponding to approximately 100% of
the full-scale value of the low range analyzer.  For all analyzers, at least 5
calibration points shall be used to define the calibration curve above the 5
lower calibration points.  The calibration zero gas shall be used to set the
analyzer to zero.
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Alternatively, gas dividers may be used to generate a 10-point
calibration curve employing equally spaced points.

(iv)           Gas Dividers   .  Gas dividers may be used to obtain the intermediate points
for the general range classifications specified.

(v)     Calibration Curve Fits   .  The calibration curves generated shall be a

polynomial of the best fit and no greater than 4th order, and shall fit the
data within 2.0% at each calibration point as specified in §86.121-90,
§86.122-78, §86.123-78, and §86.124-78.  An exception to the 2% fit may
be allowed with approval by the Administrator if supported by appropriate
data for the lowest two non-zero calibration points, provided that those
points are below a value corresponding to an average concentration of
approximately 1 gpm for HC, 15 gpm for CO, 1.5 gpm for NOx, and 200
gpm for CO2.  For those points the allowable curve fit may be increased to

no more than 5%.  (For reference, see EPA NVFEL Procedure No. 204)

(vi)      Mid-scale Verification    .  Each curve shall be verified for each analyzer
with a confirming calibration standard between 40-80% of full scale that is
not used for curve generation.  Each confirming standard shall be
measured by the curve within 2.5%.

(2)     Spanning Frequency   .  The zero and up-scale span points shall be checked at 2 3
hour intervals following the daily mid-scale curve check specified in
§85.2234(d)(4) and adjusted if necessary.  If the up-scale span point drifts by more
than 2.0% from the previous check or, for the first check performed after the daily
calibration check described in §85.2234(d)(4), from the daily check official testing
shall be prevented and corrective action shall be taken to bring the system into
compliance.  If the zero point drifts by more than 2 ppmC HC, 1 ppm NOx, 10 ppm

CO, or 40 ppm CO2, official testing shall be prevented and corrective action shall

be taken to bring the system into compliance.  Or, the unit may be zeroed prior to
each test.

(3)     Limit Check   .  The tolerance on the adjustment of the up-scale span point shall be
0.4% of point.  A software algorithm to perform the zero and span adjustment and
subsequent calibration curve adjustment shall be used.  Cumulative software up-
scale zero and span adjustments greater than ±10% from the latest calibration
curve shall cause official testing to be prevented and corrective action shall be
taken to bring the system into compliance.  Zero and span potentiometers on
the analyzer may be used between calibrations to minimize software
corrections.

(4)     Daily Calibration Checks   .  The curve for each analyzer shall be checked and
adjusted to correctly read zero using a working zero gas, and an up-scale span gas
within the tolerance in §85.2234(d)(3), and then by reading a mid-scale span gas
within 2.5% of point, on each operating day prior to vehicle testing.  If the analyzer
does not read the mid-scale span point within 2.5% of point, the analyzer shall
automatically be prevented from official testing.  The up-scale span gas
concentration for each analyzer shall correspond to approximately 80% of full
scale, and the mid-point concentration shall correspond to approximately 15% of
full scale.

(5)      Weekly               Monthly  NO       x       Converter Checks   .  The converter efficiency of the NO2 to

NO converter shall be checked on a weekly monthly basis.  The check shall be
equivalent to §86.123-78 (for reference see TSD Form 305-01) except that the
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concentration of the NO gas shall be in the range of 100-300 ppm.  Alternative
methods may be used if approved by the Administrator.

(6)      Weekly               Monthly        NO/NO       x       Flow Balance   .  The flow balance between the NO and

NOx test modes shall be checked weekly monthly.  The check may be combined

with the NOx converter check as illustrated in EPA NVFEL Form 305-01.

(7)      Monthly Calibration Checks   .  The basic calibration curve shall be verified monthly
by the same procedure used to generate the curve in §85.2234(d)(1), and to the
same tolerances.

(8)     FID Check   .

(i)     FID Optimization    .  Upon initial operation, and after maintenance to the
detector, each FID shall be checked, and adjusted if necessary, for proper
peaking and characterization using the procedures described in SAE Paper
No. 770141 or by analyzer manufacturer recommended procedures.

(ii)      Methane Response   .  The response of each FID to a methane
concentration of approximately 50 ppm CH4 shall be checked once per

month.  If the response is outside of the range of 1.00 to 1.30, corrective
action shall be taken to bring the FID response within this range.  The
response shall be computed by the equation in §85.2234(d)(9)(iii).  The
frequency of this check may be reduced by providing 1 year of data
for each analyzer that demonstrates less frequent checks are
acceptable.  If less frequent checks are used, the response check
data shall be made available to EPA upon request.

(iii)      Methane Response Definition    .  Ratio of Methane Response  =  F(FID
response to CH4 gas in ppmC /ppm CH4 in cylinder

(9)           Integrator Checks   .  Upon initial operation, and every three months thereafter,
emissions from a vehicle with transient cycle test values between 60% and 400%
of the 1984 LDGV standard shall be simultaneously sampled by the normal
integration method and by the bag method in each lane.  The data from each
method shall be put into a historical data base for determining normal and deviant
performance for each test lane, facility, and all facilities combined.  Specific
deviations between the integrator and bag readings exceeding ±10% shall require
corrective action.

(9)      Mid-Span or        Cross-Checks   .  On a quarterly basis, and whenever gas bottles are
changed, each analyzer in a given facility shall analyze a sample of a test gas.
The test gas used for these cross checks shall be a 1% NIST traceable mid-
span bottle and the same bottle shall be used for all analyzers at a given
facility.  The test gas shall be independent of the gas used for the daily calibration
check in §85.2234(d)(4), in independent bottles.  The same test gas, or gas mixture
shall be used for all analyzers.  The concentration of the gas shall be one of three
values corresponding to approximately 0.5 to 3 times the cut point (in gpm) for
1984 and later model year vehicles for the constituent.  One of the three values
shall be at the lower end of the range, another shall be at the higher end of the
range, and the other shall be near the middle of the range.  The values selected
shall be rotated in a random manner for each cross-check.  The value of the
checking sample may be determined by a gas divider.  The deviation in analysis
from the concentration of the checking sample for each analyzer shall be recorded
and compared to the historical mean and standard deviation for the analyzers at
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the facility and at all facilities.  Any reading exceeding 3 sigma shall cause the
analyzer to be placed out of service.

(11)    Interference, Laboratory Testing   .  The design of each CO, CO2, and NOx analyzer

shall be checked for water vapor interference prior to initial service.  The
interference limits in this paragraph shall apply to analyzers used with a CVS of
700 SCFM or greater.  For analyzers used with lower flow rate CVS units, the
allowable interference response shall be proportionately adjusted downward.

(i)     CO Analyzer   .  A CO instrument will be considered to be essentially
free of CO2 and water vapor interference if its response to a mixture
of 3% CO2 in N2 which has been bubbled through water at 20°C
produces an equivalent CO response, as measured on the most
sensitive CO range, which is less than 1% of full scale.  A gas mixture
of 4% CO2 in N2 bubbled through water with a saturated-mixture

temperature of 40°C shall produce a response on the CO analyzer of no
greater than 15 ppm at 40°C.  Also, a gas mixture of 4 percent CO2 in N2
shall produce a response on the CO analyzer of no greater than 10 ppm at
40°C.

(ii)            CO       2       Analyzer   .  A calibration zero gas bubbled through water with a

saturated-mixture temperature of 40°C shall produce a response on the
CO2 analyzer of no greater than 60 ppm.

(iii)           NO       x       Analyzer   .  A calibration zero gas bubbled through water with a

saturated-mixture temperature of 40°C shall produce a response on the
NOx analyzer of no greater than 1 ppm.  Also, a gas mixture of 4 percent

CO2 in either N2 or air shall produce a response on the NOx analyzer of

no greater than 1.0 ppm at 40°C.

(12)         Interference -- Field Testing   .  Each CO, CO2, and NOx analyzers shall be checked

for water vapor interference prior to initial service, and on a yearly basis thereafter.
The in-field check prior to initial service and the yearly checks shall be performed
on a high ambient temperature summer day (or simulated conditions).  For
analyzers used with lower flow rate CVS units, the allowable interference response
shall be proportionately adjusted downward.  The allowable interference level shall
be adjusted to coincide with the saturated-mixture temperature used.  For the CO
analyzer, a rejection ratio of 9,000 to 1 shall be used for this calculation.  A ratio
of 2000 to 1 shall be used for CO2 analyzers.  A ratio of 90,000 to 1 shall be used

for NOx analyzers.

(e) Gases

(1)     General Requirements   .  Gas blends may contain up to three of any of the following
components: HC, CO, CO2, and NO.  The HC component shall be propane.  The

diluent for blends containing HC shall be air.  The diluent for blends containing NO
shall be N2.  CO and CO2 may be used with either air or N2 as the diluent.  Blends

containing four interest components may be used only if approved by the
Administrator.  Blends containing NO2 shall also require approval by the

Administrator prior to use, except if used to perform the NOx converter check

specified in §85.2234(d)(5).  Any interference effects between components in a gas
blend shall be addressed in the quality control and quality assurance process.
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When a gas audit of the analytical system is performed, the auditor shall indicate
whether CO2 is present in the audit gas mixture prior to performing the audit.

(2)     Calibration Gases   .  Gases used to generate and check calibration curves shall be
traceable to a NIST SRM, CRM, NTRM, or RGM and have a stated uncertainty to
within 1%  of the standard by Gas Comparison methods.  Calibration zero gas shall
be used when using a gas divider to generate intermediary calibration gases.

(3)     Span Gases   .  Gases used for up-scale span adjustment, cross-checks, and for mid-
scale span checks shall be traceable to NIST SRM, CRM, NTRM, or RGM and
have a stated uncertainty to within 2% of the standard by Gas Comparison
methods.  Span gas concentrations shall be verified immediately after a monthly
calibration curve check and before being put into service.  If the reading on the
span gases exceeds 2.5% of the label value, the system or gases shall be taken out
of service until corrective action is taken.  When a gas divider is used to generate
span gases, the diluent gas shall not have impurities any greater than the working
zero gas.

(4)     Calibration Zero Gas   .  The impurities in the calibration zero gas shall not exceed
0.1 ppmC, 0.5 ppm CO, 1 ppm CO2, and 0.1 ppm NO.  Calibration zero grade air

shall be used for the FID zero calibration gas.  Calibration zero grade nitrogen or
calibration zero grade air shall be used for CO, CO2, and NOx zero calibration

gases.

(5)      Working Zero Gas   .  The impurities in working zero grade gases shall not exceed 1
ppmC, 2 ppm CO, 400 ppm CO2, and 0.3 ppm NOx.  Working zero grade air or

calibration zero grade air shall be used for the FID zero span gas.  Working or
calibration zero grade nitrogen or air shall be used for CO, CO2, and NOx zero

span gases.

(6)     FID Fuel   .  The fuel for the FID shall consist of a mixture of 40% (    +    2%) hydrogen,
and the balance helium.  The FID oxidizer shall be zero grade air, which can
consist of artificial air containing 18 to 21 mole percent of oxygen.

(7)     Gas Naming Protocol   .  Gases used for calibration or auditing shall be named
according to a written established practice that has been approved by the
Administrator.

(f) Overall System Performance

(1)     Emission Levels   .  For each test lane, the average, median, 10th percentile and

90th percentile of the composite emissions (HC, CO, CO2, and NOx) measured

shall be monitored on a monthly basis.  Differences in the monthly average of
greater than ±10% by any one lane from the facility-average or combined facility-
average, or by any one facility from the combined facility-average shall require an
investigation to determine whether the single lane or facility has a systematic
equipment or operating error or difference.  Where it can be determined that the
averages from one facility (or facilities) are offset from the average of the other
facilities based on the mix of vehicles tested, the ±10% limit shall be compared to
the expected offset.  If systematic equipment or operating errors or differences
causing the offset are found, such errors shall be corrected.  The sample period
may be adjusted to assure that a reasonably random sample of vehicles was tested
in each lane.
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(2)     Pass/Fail Status   .  The average number of passing vehicles and the average number
of failing vehicles shall be monitored monthly for each test lane.  Differences in
the monthly average of greater than ±15% by any one lane from the facility-
average or combined facility-average, or by any one facility from the combined
facility-average shall require an investigation to determine whether the single lane
or facility has a systematic equipment or operating error or difference.  Where it
can be determined that the averages from one facility (or facilities) are offset from
the average of the other facilities based on the mix of vehicles tested, the ±15%
limit shall be compared to the expected offset.  If systematic equipment or
operating errors or differences causing the offset are found, such errors shall be
corrected.  The sample period may be adjusted to assure that a reasonably random
sample of vehicles was tested in each lane.

(g) Control Charts

(1)     General Requirements   .  Control charts and Statistical Process Control theory shall
be used to determine, forecast, and maintain performance of each test lane, each
facility, and all facilities in a given network.  The control charts shall cover the
performance of key parameters in the test system.  When key parameters approach
control chart limits, close monitoring of such systems shall be initiated and
corrective actions shall be taken when needed to prevent such systems from
exceeding control chart limits.  If any key parameter exceeds the control chart
limits, corrective action shall be taken to bring the system into compliance.  The
control chart limits specified are those values listed for the test procedures, the
equipment specifications, and the quality control specifications that cause a test to
be voided or require equipment to be removed from service.  These values are "fit
for use" limits, unlike a strict interpretation of SPC control chart theory which may
use tighter limits to define the process.  The test facility is encouraged to apply
SPC strict control chart theory to determine when equipment or processes could be
improved.  No action shall be required until the equipment or process exceeds the
"fit for use limits" specified in this section.

(2)     Control Charts for Individual Test Lanes   .  In general, control charts for individual
test lanes shall include parameters that will allow the cause for abnormal
performance of a test lane to be pinpointed to individual systems or components.
Test lane control charts shall include at a minimum:

(i)         Overall number of voided tests

(ii)        Number of voided tests by type

(i) Difference between theoretical and measured coast-down times

(ii) Difference between theoretical and measured CVS flow

(iii) Up-scale span change from last up-scale span (not required if software
corrections are tracked)

(iv) Mathematical or software correction to the calibration curve as a result of
an up-scale span change (if used)

(v) Difference between the analyzer response to the daily cross-check, and
the test gas concentration
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(viii)     Level of difference between the integrated measurements and the bag
measurements

(vi) The system response time

(vii) FID CH4 response ratio

(viii) Ambient background concentrations

(xii)      The average, median, 10th percentile and 90th percentile of the composite
emissions (HC, CO, CO2, and NOx) measured over the defined periodic

basis

(xiii)     Average number of passing vehicles, and average number of failing
vehicles over the defined periodic basis

(ix) Difference between theoretical or measured values for other parameters
measured during quality assurance procedures

(3)     Control Charts for Individual Facilities   .  Control charts for individual facilities
shall consist of facility-averages of the test lane control charts for each test lane at
the facility.

(4)            Combined Control Charts for All Facilities   .  Combined control charts for all of the
facilities in a given network shall consist of an average of the facility-average
control charts for each facility.

(4)     Control Charts of Individual Inspectors   .  Control charts for individual inspectors
shall include parameters that will allow the cause for abnormal performance to be
evaluated.  Control charts for individual inspectors shall be compared to the
combined control charts for each facility and for the network.
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§85.2235 Evaporative Test System Quality Control Requirements

(a) General Requirements

(1)      Manufacturers' Recommendations   .  Manufacturers' recommendations for
equipment installation, calibration, and maintenance shall be followed.

(2)     Statistical Process Control   .  SPC tracking methods shall be established for
appropriate equipment checks and custom diagnostic or verification tests.

(3)      Modifications to Quality Control Requirements   .  Changes to the type or
frequency of the quality checks are permitted provided they are based on
SPC analysis, or data from experimental studies.

 (b) Evaporative Purge Analysis System Flow Checks

(1)            Daily Check   .  Each flow meter used to measure purge flow shall be checked each
operating day with simulated purge flow (e.g., auxiliary pneumatic pump) against a
reference flow measuring device with performance specifications equal to or better
than those specified for the purge meter.  The check shall be made at a flow rate of
between 4 and 5 liters per minute.  The test shall be conducted for one minute.
Deviations greater than ±0.3 liters per minute, or ±3% of total flow from the values
determined by the reference device shall require corrective action.

(1)      Weekly       Check   .  On a weekly basis, the calibration of purge meters shall be
checked for total volume of flow using an independent reference system.  SPC
tracking techniques shall be used to establish appropriate quality limits for
the flow meters.  0.8, 2, 20, and 35 liters over 4 minutes with a device or method
capable of measuring these flow volumes to within ±0.2 liters over the test period.
Deviations exceeding 1.5 times the specifications in §85.2227(b)(2)(v)(D) shall
require corrective action.

(3)            Alternative Frequencies   .  Where appropriate, control charts and statistical process
control (SPC) theory shall be used to determine, forecast, and maintain
performance of the purge measurement system.

(c) Evaporative System Integrity Pressure Checks

(1)     Daily Checks   .  The pressure check system shall be pressurized to 28±1 inch
of WC and monitored for a loss of pressure.  Pressure testing shall be
stopped and corrective action shall be taken to repair the system if a loss of
pressure of more than 0.4 inches of WC is observed over a 15 second period.
Relevant parameters of the evaporative system integrity analysis system shall be
checked on each operating day.

(i)         Systems that monitor pressure decay shall be checked for integrity.  If,
after the vehicle attachment end of the checking system is capped and the
checking system is pressurized to between 14 and 28 inches of water, the
pressure system changes more than 0.2 inches of water over 15 seconds,
testing shall be automatically prevented until corrective action is taken.

 (d) Evaporative System Gas Cap Checks

  

(1)     Gas Cap Tester   .
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(i)     Daily Checks   .  The tester shall be verified daily by testing and
correctly identifying passing and failing reference gas caps or flow
orifices as specified in §85.2227(d)(2)(v).  Reference caps and orifices
shall be stored in a dirt and dust free manner to prevent clogging
and changes in flow rates.  Reference caps and orifices shall be
stored at the same temperature as the cap tester to provide accurate
flow reference.

(i)     Corrective Action    .  Gas cap testing shall be stopped and corrective
action taken to repair the tester if passing and failing reference gas
caps or flow orifices cannot be correctly identified.

(ii)     Reference Caps or Orifices - Flow Checks   .  Independent flow bench
verification of the reference gas caps and flow orifices shall be
conducted before initial usage and as recommended by the cap tester
manufacturer or as suggested by analysis of quality control data.  The
bench flow verification results shall be traceable to NIST.

(iii)     Comparator Orifices - Flow Checks   .  Internal flow standard orifices
for direct flow measurement methods (if used), or flow comparator
methods, shall be traceable to an independent flow bench verification
before initial usage and verified as recommended by the cap tester
manufacturer or as suggested by analysis of quality control data.  The
bench flow verification results shall be traceable to NIST.

(2)     Gas Cap Adapters   .

(i)      Weekly Checks   .  The gas cap adapters shall be checked for leaks or
damage following the recommendations of the gas cap tester
manufacturer or the gas cap adapters supplier.

(ii)        The gas cap flow tester shall be verified daily by testing and correctly
identifying the passing and failing reference fuel caps.  The tester shall be
automatically locked out from use until it properly fails and passes the
reference caps.  Flow calibration of the reference fuel caps shall be
conducted before initial usage and thereafter as required by examining
quality control data.

(2)             Weekly Check   .  Pressure gauges or measurement devices shall be checked on a
weekly basis against a reference gauge or device equal to or better than the
specified performance requirements.  Deviations exceeding the specified accuracy
shall require corrective action.

(3)            Annual Check   .  The flow standard orifice shall be calibrated before initial usage
and thereafter on an annual basis unless quality control data suggests other
intervals are appropriate.  The flow calibration method shall be traceable to NIST.

(4)            Filter Check   .  The gas cap flow tester filter shall be maintained in accordance with
the leak test manufacturer's recommendations.

(5)            Alternative Frequencies   .  Where appropriate, control charts and statistical process
control (SPC) theory shall be used to determine, forecast, and maintain
performance of the overall pressure and flow test measurement systems.
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§85.2239 Test Report

(a) General Test Report Information

(1)     Vehicle Description   .

(i) License plate number,
(ii) Vehicle identification number,
(iii) Weight class, and
(iv) Odometer reading.

(2)     Date and Time   .  Date and end time of the tailpipe emission measurement test.

(3)    Identification Information    .  Name or identification number of the individual
performing the test and the location of the test station and lane.

(4)      Warranty Provisions   .  For failed vehicles, a statement indicating the availability
of warranty coverage as provided in Section 207 of the Clean Air Act.

(5)     Certification    .  A statement certifying that the short tests were performed in
accordance with applicable regulations.

(b) Tests and Results

(1)     Test Types and Standards   .  The test report shall indicate the types of tests
performed on the vehicle and the test standards for each.  Test standards shall be
displayed to the appropriate number of significant digits as in §85.2205(a).  For the
IM240 the reported standards shall be the composite test standards.

(2)     Test Scores   .  The test report shall show the scores for each test performed.  Test
scores shall be displayed to the same number of significant digits as the standards.

(3)    IM240 Scores   .  The reported score for the IM240 shall be in units of grams per mile
and shall be selected based upon the following:

(i)     Passing Scores - Composite IM240   .  If the emissions of any exhaust
component on the composite IM240 are below the applicable standard in
§85.2205(a), then the vehicle shall pass for that constituent and the
composite score shall be reported.

(ii)     Passing Scores - Phase 2   .  If the emissions of any exhaust component on
the composite IM240 exceed the applicable standard in §85.2205(a) but
are below the Phase 2 standard, then the vehicle shall pass for that
component and the Phase 2 score shall be reported.

(iii)     Failing Scores   .  If the emissions of any exhaust component on the
composite IM240 exceed the applicable standard in §85.2205(a)(2)
through §85.2205(a)(4) and exceed the Two Ways to Pass Standard as
described in §85.2205(a)(1), then the vehicle shall fail for that component
and the composite score shall be reported.

(iv)     Emission Reporting   .  If a passing decision is made for all three exhaust
components on the IM240, and for purge before the end of the full driving
cycle according to the criteria described in §85.2205(a)(4) and
§85.2205(c)(2), the passing results and reported emissions levels shall be
those obtained at the time the test is terminated.  Emission levels for the
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IM240 shall be reported in grams per mile calculated using the full IM240
mileage (not actual mileage).  The emission standards reported shall be
the composite standards (i.e., not the fast-pass standards).

(4)            Purge Scores   .  The score for the purge test shall be reported in units of liters and
shall be selected based upon the following:

(i)         If purge levels at the conclusion of the transient driving cycle are below
the applicable standard in §85.2205(c)(1), then the vehicle shall fail.

(ii)        If a passing decision is made for all three exhaust components on the
IM240, and for purge before the end of the full driving cycle according to
the criteria described in §85.2205(a)(4) and §85.2205(c)(3), the passing
result and reported cumulative purge levels shall be those obtained at the
time the test is terminated.

(5)     Pressure Test Scores   .  The score(s) for the pressure test(s) shall be reported as a
change in pressure expressed in inches of water.

(6)     Test Results   .  The test report shall indicate the pass/fail result for each test
performed and the overall result.  In the case of exhaust emission tests, the report
shall indicate the pass/fail status for each component for which standards apply.

(7)     Second-by-Second Measurements   .  For vehicles failing the IM240, a graph
showing the second-by-second emission levels (see following example), for each
exhaust component in grams per mile equivalent, and for purge in liters per second
shall be given to the motorist.

(c) Recommended IM240 Second-By-Second Emissions Report

Test Number  4719

Model Year 1988 Test Weight 3000     Emission     Actual     Cut
   point

Make XXXX TRLHP 14.7 HC (gpm) 2.45 0.80

Model YYYY Traction Control No CO (gpm) 23.1 15.0

Cylinders 4 ABS No NOx (gpm) 0.71 2.00

Transmission Auto Gas Cap Test Yes CO2 (gpm) 279 n/a

Vehicle Type LDGV Press Test Yes Purge (L) 30.2 1.0

The following figures provide illustrations of the recommended second-by-second emissions
output.
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§85.2231 Terms

(a) Definitions
(1) Track coast-down target time:  The new vehicle certification track coast-down time

between 55 and 45 mph.
(2) Road load horsepower:  The power required for a vehicle to maintain a given

constant speed taking into account power losses due to such things as wind
resistance, tire losses, bearing friction, etc.

(3) Tier 1: New gaseous and particulate tailpipe emission standards for use in certifying
new light duty vehicles and light duty trucks phased in  beginning with the
1994 model year.

(4) CVS hose: The hose, connecting to the tailpipe of the vehicle, that carries exhaust
and dilution air to the stationary portion of the CVS system.

(b) Abbreviations

(1) ALVW: Adjusted Loaded Vehicle Weight: (VCW + GVWR)/2
(2) CFV: Critical flow venturi
(3) CH4: Methane

(4) CO2: Carbon dioxide

(5) CO: Carbon monoxide
(6) CRM: Certified reference material
(7) CVS: constant volume sampler
(8) FID: Flame ionization detector
(9) gpm: Grams per mile
(10) GVWR: Gross Vehicle Weight Rating
(11) HC: Hydrocarbons
(12) HDGT: Heavy-Duty Gasoline-powered Truck greater than 8500 pounds GVWR
(13) hp: horsepower
(14) Hz: cycles per second (Hertz)
(15) I/M: Inspection and Maintenance
(16) IW: Inertia weight
(16)      LDGT1:       Light-Duty Gasoline-powered Truck from 0 to 6000 pounds GVWR
(17)      LDGT2:       Light-Duty Gasoline-powered Truck from 6001 to 8500 pounds GVWR
(17) LDGV: Light-Duty Gasoline-powered Vehicle
(18) LVW Loaded Vehicle Weight
(19) mph: Miles per hour
(20) NDIR: non-dispersive infrared
(21) NIST: National Institute for Standards and Technology
(22) NO2: Nitrogen dioxide

(23) NO: Nitrogen oxide
(24) NOx: Oxides of nitrogen

(25) NVFEL: National Vehicle and Fuel Emissions Laboratory
(26) Obmph: Observed dynamometer speed in mph of the loading roller, if rolls are

not coupled
(27) PLHP: Parasitic horsepower loss at the observed dynamometer speed in mph
(28) ppm: parts per million by volume
(29) ppmC: parts per million, carbon
(30) psi: Pounds per square inch
(31) RFP: Request for Proposal
(32) RLHP Road Load Horsepower
(33) rpm: revolutions per minute
(34) SCFM: standard cubic feet per minute
(35) SPC: Statistical process control
(36) SRM: Standard reference material
(37) SSV: Subsonic venturi
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(38) TRLHP: Track road-load horsepower
(39) VCW: Vehicle Curb Weight: Actual vehicle Wt with standard

equipment and 100% fuel fill
(40) WC: Inches of water column pressure
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Appendix A
Guidance on the Use of Fast-Pass IM240 Standards
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Guidance on the Use of Fast-Pass IM240 Standards
A fast-pass decision is made by measuring the vehicle's cumulative emissions of each

pollutant in each second, and comparing them to cumulative emission fast-pass standards for each
pollutant for the second of the test under consideration.  In general, if the vehicle's cumulative
emissions are below a given level for all pollutants the vehicle passes.  Testing continues until
decisions are made for each pollutant and for purge.  Measurements of all constituents shall continue
to be taken as long as the test continues, including those constituents for which a decision has already
been made.

These fast-pass standards are derived from an Arizona IM240 data set which included 3,718
tests.  Fast-pass standards for each second represent the tenth lowest cumulative emission levels in
that second obtained for vehicles failing the IM240 using the two-ways-to-pass criteria.  Hence,
vehicles that fall below this level are showing lower cumulative emissions at that point in the test
than the cleanest vehicles failing the full test and therefore pass.  Fast-pass determinations begin at
second 30 of the IM240 cycle.

Beginning at second 109, fast pass decisions for HC and CO are based upon analysis of
cumulative emissions in phase 2, the portion of the test beginning at second 94, as well as emission
levels accumulated from the beginning of the test (the "composite" test).  Fast-pass standards are
derived for phase 2 of the test as described above.  Since the phase 2 standards for NOx are the same

as the composite, the phase 2 NOx fast-pass standards are also the same as the composite.

The fast-pass algorithm for purge is essentially the same as for tailpipe emissions.  Second-
by-second cumulative purge levels are compared with second-by-second cumulative purge pass
standards.  Fast-pass standards correspond to the tenth highest cumulative purge levels for failing
vehicles.  There are no Phase 2 standards for purge.

A vehicle passes the IM240/purge test if cumulative composite purge is above the cumulative
composite purge fast-pass standard, and if any of the following three conditions occur:

•     cumulative composite emissions of HC, CO, and NOx are below the composite fast-pass
standards;

•     cumulative phase 2 emissions of HC, CO, and NOx are below the phase 2 fast-pass standards;

•     any combination of the first two conditions exist.
Scores

HCt = cumulative composite HC at time = t seconds

COt = cumulative composite CO at time = t seconds

NOxt = cumulative composite NOx at time = t seconds

Pt = cumulative composite purge at time = t seconds

HCbt = cumulative Phase 2 HC at time = t seconds

CObt = cumulative Phase 2 CO at time = t seconds

NOxbt = cumulative Phase 2 NOx at time = t seconds

Cumulative composite scores represent the cumulative grams of emissions from t = 0 seconds
Cumulative Phase 2 scores represent the cumulative grams of emissions from t = 109 seconds

Fast-Pass Standards
HCpt = composite HC fast-pass standard at time = t seconds

COpt = composite CO fast-pass standard at time = t seconds

NOxpt = composite NOx fast-pass standard for failing vehicles at time = t seconds

Ppt = composite purge fast-pass standard at time = t seconds

HCpbt = Phase 2 HC fast-pass standard at time = t seconds

COpbt = Phase 2 CO fast-pass standard at time = t seconds

NOxpbt = Phase 2 NOx fast-pass standard at time = t seconds

Fast-Pass Conditions

For t > 30 seconds, the vehicle shall pass if:

HCt < HCpt and COt < COpt, NOxt < NOxpt; and Pt > Ppt

additionally, for t > 109 seconds, the vehicle shall pass if:
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HCbt < HCpbt and CObt < COpbt and NOxbt < NOxpbt and Pt > Ppt,  or

HCt < HCpt and CObt < COpbt and NOxbt < NOxpbt and Pt > Ppt,  or

HCt < HCpt and COt < COpt and NOxbt < NOxpbt and Pt > Ppt,  or

HCbt < HCpbt and COt < COpt and NOxbt < NOxpbt and Pt > Ppt,  or

HCbt < HCpbt and COt < COpt and NOxt < NOxpt and Pt > Ppt,  or

HCbt < HCpbt and CObt < COpbt and NOxt < NOxpt and Pt > Ppt,
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IM240 FAST-PASS EMISSION STANDARDS
(grams)
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Appendix B

Alternative Fast-Pass IM240 Standards
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Alternative Fast-Pass IM240 Standards
Corresponding to Composite Start-up Emission Standards

in §85.2205(a)(2)(i) and §85.2205(a)(2)(ii)



DRAFT

Alternative Fast-Pass IM240 Standards DRAFT 84



DRAFT

Alternative Fast-Pass IM240 Standards DRAFT 85



DRAFT

Alternative Fast-Pass IM240 Standards DRAFT 86

Alternative Fast-Pass IM240 Standards
Corresponding to Composite Start-up Emission Standards

in §85.2205(a)(2)(iv)
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Alternative Fast-Pass IM240 Standards
Corresponding to Composite Start-up Emission Standards

in §85.2205(a)(2)(vi)
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Appendix C
Fast Pass IM240 Standards Developed for Wisconsin
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Fast Pass IM240 Standards Developed for Wisconsin

Wisconsin requested EPA provide fast-pass cutpoints for final and intermediate standards.  A method
is outlined below.  This was applied only to the App. A fast-pass cutpoints but could be used on others
also.

1) A scale factor for each pollutant at each  second and needed standard is defined.
This was done to calculate the cutpoint at second i for each pollutant at each

standard.
For Example:, HC Scale Factor for the 0.8 cutpt
FPHC Scale Factor =  [HC(0.8)Fast Pass Cutpoint at t= i ] / [HC(0.8) Fast

PassCutpoint at t=239]

2) The ratio of the Fast Pass cutpoint at t=239 to the distance traveled (1.973 mi) was found.
This was done so the new fast-pass cutpoints could be scaled to the new full 240
second standard

For HC(0.8g/mi)
FPHC 239 = 1.615 g
Distance = 1.973 mi
FPHC 239 g/mi = 0.81855
% above 0.8 g/mi standard = (0.818-0.8)/0.8*100 = 2.2%

For New Standard HC(0.6 g/mi)
(FPHC 239 g/mi - 0.6)/0.6 * 100 = 2.2%
(This prvides the same 2.2% overshoot as the phase-in fast-pass standards.)

FPHC 239 g/mi =  0.6132g/mi
FPHC 239 g = 1.2098

3) The new fast pass standards will then be calculated as
HC(0.6)FP = FP(0.6)239 * HCSF(0.8)i

t HC(0.8) g FPHC SF HC(0.6) g
30 0.124 0.0768 0.0929
31 0.126 0.0780 0.0944
.....
238 1.614 0.9994 1.2091
239 1.615 1.0000 1.2098

4) For Phase 2 Cutpoints Where Needed
Take the Old Std.

For Example FPHC Phase 2 = 0.5 g/mi
The Distance traveled from second 108 to second 239 is 1.359 mi
The Old FPHC 239 cutpoint is 0.716 g
In terms of g/mi this is 0.716/1.359 = 0.527 g/mi
The delta between this value and the actual standard is:  (0.527-0.5) = 0.027 g/mi
The New FPHC 239 g/mi cutpoint is: 0.4 + 0.027 = 0.427 g/mi
In terms of g, this is FPHC 239 g/mi * 1.359 = 0.580 g
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The scale factor is calculated as before for each second of the test, and the Phase 2
cutpoint at each second is calculated by multiplying this scale factor times the New
FP cutpoint in g at 239.  In this case that New FP cutpoint would be 0.580 * Scale
Factor for each second.
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Appendix D

Fast Pass IM240 Standards Developed by Sierra Research
Modal Regression Technique

Contract 68-C4-0056 Work Assignment 2-04
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Fast Pass IM240 Standards Developed by Sierra Research
Modal Regression Technique

Contract 68-C4-0056 Work Assignment 2-04
    Development of Fast-Pass Standards   

Based on the above evaluation, it was decided to use the modal regression technique to develop a
revised set of fast-pass standards for the IM240 test.  Full-duration, second-by-second IM240 data
collected in the Arizona I/M program were used for this analysis.  Nearly 110,000 individual tests
were in the database used in the analysis, which is comprised of all full-duration IM240 tests
conducted in Arizona from April 1995 through April 1997.  Consistent with the methodology presented
above, cutpoints (or, more correctly, regression coefficients) were generated separately for light-duty
gasoline vehicles (i.e., passenger cars) and light-duty trucks for the following model year groups:

• 1981 to 1984,
• 1985 to 1989, and
• 1990 and later.

Regression coefficients were developed for HC, CO, and NOx and for both the composite IM240 and
for Phase 2 of the IM240.  The Phase 2 regressions used mode 11 (see Figure 14) as the first mode
and continued through mode 23.  The composite IM240 regressions used modes 1 through 23.
(Although 24 modes are shown in Figure 14, if a fast-pass decision is not made by mode 23, then the
vehicle would run the full IM240.  At that point, a pass/fail decision should be made on the actual
IM240 score, not the predicted score.)  Finally, it is recommended that the first mode at which a
pass/fail decision should be made is mode 4 (which ends at second 32 of the IM240) for a composite
IM240 prediction, or mode 13 (which ends at second 113 of the IM240) for a Phase 2 prediction.

The regression coefficients for a 0.8 g/mi HC composite IM240 cutpoint are given in this appendix,
along with the coefficients for a 0.5 g/mi HC Phase 2 IM240 cutpoint.  The full series of regression
coefficients developed in this effort were provided to EPA electronically, and is available on the OMS
web page.

Using the 2% Random Sample from the Arizona program (which consists of 26,000 records), pass/fail
rates were calculated with the modal regression procedures outlined above as well as the current fast-
pass cutpoint tables.  This analysis was performed using the final IM240 HC, CO, and NOx standards,
and the results are presented in Table D1.

As observed in Table D1, the revised fast-pass methodology results in a lower fraction of false passes
than the current method, particularly for older cars.  However, this improvement in failing vehicle
identification is offset by a longer average test time for passing vehicles in the older model year
groups.  For newer vehicles (i.e., 1990 and later), the revised methodology results in significant
improvements in average test time, without a significant increase in the fraction of false passes.
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Table D1
Comparison of Current and Revised Fast-Pass Methodologies Under the Final IM240 Standards

(26,000 Vehicle Sample)
Vehicle
Class

Model
Year
Group

“True”
Failure

Ratea

Current Fast-Pass Revised Fast-Pass

Failure
Rate

Pass Time
(seconds)

Failure
Rate

Pass Time
(seconds)

LDV 81 - 84 79% 76% 125 78% 157
85 - 89 45% 41% 130 43% 121
1990+ 8% 7% 88 7% 57

LDT 81 - 84 62% 51% 71 60% 113
85 - 89 42% 35% 70 40% 93
1990+ 9% 7% 60 7% 57

a The “true” failure rate is based on full-duration IM240 test scores.
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Appendix E

Calculation of Raw Emission Scores from Dilute Measurements
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Calculation of Raw Emission Scores from Dilute Measurements

The constant volume sampling technique, which has been part of the FTP for

the exhaust emissions testing of passenger cars and light-duty trucks since the 1972

model year, involves the collection of a sample of exhaust gas after it has been diluted

to a known, constant volume.  Using this procedure, a device called a “constant volume

sampler” dilutes the vehicle exhaust and then samples a constant volume fraction of the

dilute mixture.  In a typical test facility, the dilution is achieved by drawing

“background” air from the room where the vehicle is being driven on a chassis

dynamometer.  A slipstream from the diluted exhaust is pumped into a series of

sample bags during the test.  Three sample bags are used for dilute exhaust samples:

the first represents the “cold start” phase of the test, the second represents “stabilized”

operation, and the third represents the “hot start” phase of the test.  Samples of

background air are simultaneously collected in three additional bags.  At the end of the

test, measurement of the concentration of pollutants in the sample bags and calculation

of the total flow of the dilute mixture during each phase allows the mass of emissions

emitted during each phase of the test to be calculated.  Division of the calculated mass

by the associated driving distance provides the mass emissions rate (normally

expressed in grams per mile).

A variation of the FTP test procedure is used in CVS-based I/M testing.

Instead of filling sample bags with dilute mixture during separate phases of the test, the

concentrations of pollutants in the dilute exhaust stream are continuously monitored.

Mass emissions per mile of travel are calculated from integration of the continuous

measurements divided by the distance driven during the test.  (This technique facilitates

the use of “fast pass” and “fast fail” algorithms for shortening the test in cases where a

vehicle is extremely clean or extremely dirty during the early portion of the test.)

In CVS-based testing, the volume of background (dilution) air in the sample

substantially exceeds the volume of exhaust gas, usually by a factor of ten or more.  As

a result, the extent to which the dilution air is contaminated with pollutants can

significantly affect the calculated mass emissions.  To eliminate this interference, the

extent to which the vehicle exhaust has been diluted must be known.  The FTP
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specifies that the ratio of total volume to exhaust volume (“dilution factor”) be

calculated using the following equation:

[1]   DFEPA =
13.4

CO2e +  (HCe +  COe) *  10-4

where: CO2, CO, and HC are the concentrations measured in the dilute sample

expressed as percent volume.

In the above equation, the DF calculated in accordance with the FTP is specified
as “DFEPA” to distinguish it from an improved formulation of the DF discussed

below.  As noted above, DFEPA is used in the FTP to correct the emissions

concentration in the sample bag for pollutants in the dilution (background) air.

Although not required by the FTP, the average DF can also be used to calculate the

average concentration of the undiluted tailpipe emissions emitted while the sample bag

was being filled.  If there were no pollutants in the dilution air, the tailpipe

concentrations could be calculated simply by multiplying the dilute measurement by the

DF:

[2]  Ctp = Cdil * DF

where: Ctp is the actual tailpipe concentration, and Cdil is the concentration of a

pollutant in the dilute sample.  To account for pollutants in the background air, a more

complicated expression is required:

[3] Ctp = [Cdil − Cback (1 − 1
DF

)]DF

As noted above, the CVS technique used to measure emissions in I/M

programs involves calculating mass emissions by integrating the continuously

monitored dilute sample.  An average dilution factor can still be calculated from the

integrated average of the dilute emissions.  The DF can also be calculated continuously

and used to calculate the undiluted tailpipe concentration at any point in time.  This

capability makes it possible to use the CVS emissions measurement system to

determine whether a vehicle meets emissions standards that are based on tailpipe

concentrations.  If, for example, a CO concentration of 0.1% is measured in the dilute

exhaust stream, and if the calculated DF is 10, then the tailpipe emission concentration

would be calculated to be 1.0% CO (assuming background concentrations were zero).
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Although there are several advantages associated with the use of the reverse dilution

calculation method, some error is introduced in the calculation of the tailpipe

concentration due to the discrepancies that can exist between actual test conditions and

the assumptions on which the standard DF calculation is based.  As described in detail

in our previously referenced technical paper (SAE paper 980678), the DF equation

contained in the FTP is based on three assumptions:

1. Exhaust emissions of vehicles are the product of a chemically balanced

(i.e., stoichiometric) ratio of air and fuel;

2. The concentrations of pollutants in the background air have an

insignificant effect on the calculation of the DF; and

3. No water vapor has been removed from the sample.

Each of these assumptions is problematic when the reverse dilution technique is

used to calculate the concentration of pollutants in a vehicle tailpipe that would

otherwise be measured directly in an I/M program.  First, although most vehicles run

very close to a stoichiometric air-fuel ratio, this is not always the case.  Second, in the

environment of an I/M test lane, pollution in the background air can be significant.

Third, analyzers routinely used for raw exhaust measurement remove a substantial

amount of water from the sample.3

As described in the appendix, a more complicated expression of the DF is required to

address the limitations of the DF equation contained in the FTP.  The recommended

equation is as follows:4

                                                
3So-called “BAR90” analyzers actually use a condensate removal system to dispose of the
water that condenses when raw exhaust is drawn through the sample probe; however, the
efficiency of water removal depends on the temperature of the exhaust sample because no
temperature control is provided by the analyzer.
4The DF equation in the previously referenced SAE paper is based on the simplifying
assumption that there is no residual oxygen in the exhaust of stoichiometric or richer air-fuel
mixtures.  This assumption holds unless there is substantial misfire.  In the case of misfire, the
exhaust may contain oxygen that dilutes the concentration of other constituents.  Equation 4
is a refinement of the equation contained in the SAE paper that accounts for misfire.
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[4] DF

=
100 - K1(CO2-back ) - K2 (COback ) - K3(HCback )

K1(CO2-dil  - CO2-back ) + K2 (COdil -  COback ) + K3(HCdil − HCback )

where: K1, K2, and K3 are constants that depend on the fuel type (see below);

CO2-back is the concentration of CO2 in the background air;

COback is the concentration of CO in the background air;

HCback is the concentration of HC in the background air;

CO2-dil is the concentration of CO2 in the dilute sample;

COdil is the concentration of CO in the dilute sample; and

HCdil is the concentration of HC in the dilute sample.

All of the concentrations in the above equation are expressed in volume percent.
The HC values are expressed in hexane equivalent.  The values of K1, K2, and K3

depend on the type of fuel and whether the calculated pollutant concentrations are on a

wet or dry basis.  When attempting to match measurements that would be made by

typical systems for raw exhaust measurement, the values for dry exhaust should be
used.  For gasoline, the value of K1 is 6.5431, the value for K2 is 4.6561, and the value

of K3 is 57.0945.

     Dilution Correction of Tailpipe Measurements   

As noted earlier, one of the problems associated with I/M standards based on

maximum allowable tailpipe concentrations is that certain causes of dilution (e.g., air

injection,5 exhaust leaks, or inadequate sample probe insertion depth) may cause

measured concentrations to be substantially lower than for another vehicle with

identical mass emissions.  Because of this problem, EPA guidance for concentration
measurement during simple I/M tests specifies that the sum of CO plus CO2

emissions should be at least 6% in order for the test to be considered valid.  Although

the basis for the recommendation is not documented, it appears to represent the

maximum level of exhaust dilution that might be expected with a relatively high output
                                                

5Air injection can reduce mass emissions by facilitating more complete combustion in either
the exhaust manifold or the catalytic converter.  However, the dilution associated with air
injection causes the measured concentration to be reduced by more than the true reduction in
mass emissions.
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air injection system installed on a relatively small engine.  As a result, it allows the

exhaust concentration to be reduced by more than 50% due to various sources of

dilution.6  It is therefore a relatively ineffective means of preventing exhaust dilution

from affecting the results of an I/M test.

Recently, the California Bureau of Automotive Repair (BAR) devised an

improved procedure for eliminating the effects of exhaust dilution.  BAR’s procedure

uses equations developed from basic combustion chemistry to determine the extent to

which an exhaust sample must have been diluted before a concentration measurement

was made.  The measured concentrations are adjusted to what they would be under

stoichiometric conditions with no dilution air from any source (including leaner than

stoichiometric operation).  BAR’s exhaust dilution correction essentially involves the

application of a dilution factor to the concentrations measured at the tailpipe.  As

described in Sierra’s SAE paper, BAR’s method is more sophisticated than the DF

calculation incorporated into the FTP because it accounts for variations in air-fuel ratio.

However, the BAR procedure ignores the effects of background air, which is not a

factor during tailpipe measurements.  As the SAE paper illustrates, Sierra’s

recommended DF equation incorporates the same basic dilution correction used by

BAR in combination with a correction for pollutants in the background air.  When

correcting tailpipe concentrations for dilution, where no background air is involved,

Sierra’s DF calculation and BAR’s dilution adjustment produce the same result.

Recognizing the advantages of BAR’s new dilution correction procedure, EPA

has incorporated it in Guidance to states on Acceleration Simulation Mode (ASM)

testing.  Although BAR’s procedure is equally applicable to other tests that rely on

concentration measurement, it has not yet been incorporated into revised guidance for

idle, 2500 rpm, and other steady-state tests.  However, when CVS testing is used in

combination with Sierra’s recommended reverse dilution calculation procedure, the

effect is similar to using BAR’s dilution correction.

                                                
6With measurement systems that remove water, and for an engine running a stoichiometric, a
6% sum of CO and CO2 represents each part exhaust being diluted with 1.5 parts air.



DRAFT

Preconditioning Guidelines DRAFT 110

Appendix F

Modal Analysis of Second-by-Second Data
Preconditioning Guidelines Developed by Sierra Research

Contract 68-C4-0056 Work Assignment 2-04
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Modal Analysis of Second-by-Second Data
Preconditioning Guidelines Developed by Sierra Research

Contract 68-C4-0056 Work Assignment 2-04

Using the replicate IM240 data collected by Gordon-Darby, it was possible, through trial and error, to
identify criteria to determine whether a vehicle failing an initial IM40 is inadequately preconditioned
and should be tested again.  This analysis was performed for each pollutant individually, and then for
all pollutants combined.  The analysis included 283 LDVs and 83 LDTs.  The evaluation followed a
step-wise progression in which the aim was to maximize the identification of vehicles that could
benefit from a second test, while minimizing testing of vehicles likely to fail a second test.
Recommendations for passenger cars are summarized below.  A similar set of conditions was also
developed for light-duty trucks, which are subject to different IM40 standards than passenger cars.

IM240 Retest Criteria for Passenger Cars

HC Failures - If PPmHC209-214 is less than 1,500, a retest is recommended if any of the following
occur:

1. Phase 2 HC < 0. 8 g/mi; or
2. massHC175-199  < 0.2 g; or
3. (ppmHC75-80/ppmHC214) > 4.0

For vehicles failing only HC, the following additional constraints are required for a vehicle to be
retested:

1. Mass HC175-199<0.3g and (ppmHC75-80/ppmHC209-214)>1.5;or
2. Mass HC175-199 < 0.3g and Phase 2 HC < 1.0 g/mi

CO Failures - For CO failures, the above criteria for HC are recommended.  In addition, the following
constraints are recommended:

1. do not retest if Phase 2 CO > 20 g/mi    and    (Phase 1 CO/Phase 2 CO) <2; and
2. if the vehicle fails both HC and CO, retest if Mass HC175-199 <0.3 g and mass

CO175-199 < 5.0 g.

If the vehicle is a CO-only failure, then a vehicle would benefit from a retest if:

1. Mass CO175-199 < 6.0 g; or
2. (ppmCO75-80/ppmCO209-214) > 4.0; or
3. Mass CO175.199 < 10 g and (Phase I CO > 0.75 x Phase 2 CO).

NOx Failures - For vehicles failing HC or CO and NOx, a retest is recommended if the following
condition occurs:

1. Mass NOx175-199 ≤ 1.0g
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For     NOx Only failures,    retest is recommended if the following criteria are met:

1. Mass NOx175199<9;or
2. Mass NOx175-199<1.l and(ppmNOx40-45/ppmNOx209-215)>1.5;or
3. IM40 NOx<2.2 and (ppmNOx40-45/ppmNOx209-215)> 1.0

Multiple Pollutants - For multiple pollutant failures, a retest is eliminated under the following
conditions:

1. the vehicle fails for all pollutants; or
2. the vehicle fails HC and CO and (Phase 2 CO > 20 g/mi and mass CO175-199 >6.0 g); or
3. the vehicle fails HC and NOx and (ppmHC209-214 >1,200) or (ppmNOx209-214 > 1,200

                 IM240 Retest Criteria for Light-Duty Trucks

Because they are subject to different numerical IM240 emission standards, a different set of retest
criteria were developed for light-duty trucks.  These criteria are similar to those established for
passenger cars, with adjustments to account for standards differences.

HC Failures - For    1981       to       1983    model year vehicles, if ppmHC209-214 < 2,000 and any of the
following conditions exist, then a retest is recommended:

1. Phase 2 HC < 3.0 gtmi; or
2. Mass HC175-199 < 0.8 g; or
3. (ppmHC75-80/ppmHC209-214)>4.0

In addition, if the full IM240 is less than 3.5 g/mi HC (regardless of the value of ppmHC209-

214), then a retest is recommended.

For 1984    and       later    model year vehicles, if ppmHC209-214<1,500 and any of the following
conditions exist a retest is recommended:

1. Phase 2 HC< 2.0 g/mi; or
2. MassHC175-199 < 0.4 g; or
3. (ppmHC75-80/ppmHC209-214)>4.0

In addition, if 0.4<Mass HC175-199<0.8 and (ppmHC75-80/ppmHC209-214)>2.0 (regardless of
the value of ppmHC209-214) then a retest is recommended.

 A retest    is       not       recommended    if Phase 2 HC > 3.2 g/mi.

CO Failures - For CO failures, the above criteria outlined for HC were also used.  In addition,
the following conditions were also imposed to cut down on the number of vehicles incorrectly
identified as needing a retest:

1. If    1981       to       1983    model year and Mass CO175-199>36g then do not retest.
2. If    1984       or       later    model year and Mass CO175-199>18g then do not retest.
3. If Phase 2 CO>40 and Phase 2 CO > Phase I CO then do not retest.
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NOx Failures - If the vehicle failed NOx and either HC or CO, the above criteria were used to
determine the need for a retest.  For LDTls, if the vehicle failed    only NOx   . then a retest is
recommended if Mass NOxl75-199 < 1.4 g. For 1988 and later LDT2s, a retest is
recommended only if Mass NOx175-199 < 2.5 g.



DRAFT

Speed Variation Limits DRAFT 114

Appendix G

Speed Variation Limits Developed by Sierra Research
Full and Fast-Pass IM240 Limits Using
Positive Kinetic Energy Measurements

Contract 68-C4-0056
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Speed Variation Limits Developed by Sierra Research
Full and Fast-Pass IM240 Limits Using
Positive Kinetic Energy Measurements

Contract 68-C4-0056

    Evaluation of Alternative Statistical Measures   

Based upon similar work conducted by the New York Automotive Emissions Laboratory (AEL,)7 two
easily determined, alternative statistical metrics were evaluated for their ability to identify and
quantify IM240 speed variations that significantly affect emissions:

(1). DPWRSUM - the sum of absolute changes in specific power; and

(2). Positive Kinetic Energy (PKE) - the sum of positive differences in kinetic energy per
unit distance.

Each of these metrics are explained in more detail below.

DPWRSUM - Specific power is defined as power per unit mass, which can be restated as follows:

Specific Power = Power
Mass

= Work
Mass ∗∆Time

= ∆Kinetic Energy
Mass ∗∆Time

=

1
2

Mass∗∆V2

Mass ∗∆Time

Over a transient driving cycle of second-by-second speeds, EPA defines the specific power P at any
time t (and dropping the factor of 1/2) as:

Pt = Vt
2 − Vt −1

2

The absolute difference in specific power at time t can then be written as:

∆Pt = Pt − Pt −1 = Vt
2 − 2Vt −1

2 + Vt −2
2

The DPWRSUM statistic then is defined over a cycle of N seconds as:

DPWRSUM = ∆Pt
t =0

N

∑ = Vt
2 − 2Vt −1

2 + Vt −2
2

t =0

N

∑

PKE - Positive Kinetic Energy has been defined mathematically as:

                                                
7 W. J. Webster amd C. Shih, “A Statistically Derived Metric to Monitor Time-Speed
Variability in Practical Emissions Testing,” New York State Department of
Environmental Conservation, presented at the 6th CRC On-Road Vehicle Emissions
Workshop, March 18-20, 1996.
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PKE =
PPt

t =0

N

∑

dx
0

x

∫

over a traveled driving cycle of distance x where PP is the positive specific power and is given by the
following expression when Vt > Vt-1, and is zero when Vt œ Vt-1.

PPt = Vt
2 − Vt −1

2

Each of these metrics can be easily computed from the second-by-second speed measurements
collected in IM240 testing.  In comparing their relative ability to identify speed variations that
produce high emissions, it is helpful to consider which speed variations contribute to the value of each
metric (similar to the earlier examination of the SE statistic) over an IM240 test.

Note that although both DPWRSUM and PKE are affected by differences in specific power or squared
speeds over “adjacent” seconds of an IM240 trace, the value of DPWRSUM is increased  during
decelerations as well as accelerations.  PKE on the other hand, is only increased during acceleration
periods.  This was an important distinction in evaluating which metric was best-suited to “tracking”
significant emission-producing speed variations from the reference trace.
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Appendix H

Derivation of TRLHP Coefficients
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Derivation of TRLHP Coefficients

Road Load Equation

   (i)       Vehicle Loading   .  Road load is defined by the following equation
relating track road load horsepower and vehicle velocity.

TRLHP@ Obmph = {Av * Obmph} + {Bv * Obmph2} + {Cv  *

Obmph3}
Where: TRLHP = Track Road Load Horsepower

Av, Bv, Cv = Coefficients relating TRLHP and velocity

Obmph = Observed velocity in mph

 (ii)     Coefficients   .  Av, Bv, and Cv are horsepower coefficients from EPA
new vehicle certification data (available beginning in model year 2000
and beyond) or EPA default values.  Coefficients shall be calculated to
a minimum of five (5) significant digits by the equations specified in
§85.2226(a)(2)(i)(A) through §85.2226(a)(2)(i)(C).  following equations.
Power fractions determined from track coast-down data shall be calculated
to a minimum of two (2) significant digits. as specified in
§85.2226(a)(2)(i).  In the absence of new car certification coefficients
information or a vehicle class designator identifying a power fraction, the
default power fractions in §85.2226(a)(2)(i)(J) shall be used.

(A)
A

A PF

50
(TRLHP )hp/ mphv

v
@50mph= ∗

(B)
B

B PF

50
(TRLHP )hp / mphv

v
@50mph

2= ∗

(C)
C

C PF

50
(TRLHP )hp/ mphv

v
@50mph

3= ∗

Where: Av, Bv, Cv = Coefficients relating TRLHP and
velocity.

AvPF, BvPF, and CvPF are power fractions (PF), and

indicate the fraction of the total power at 50 mph
contributed by each Av*50, Bv,*2500, and Cv*125,000
terms.

TRLHP@50mph = Track Road Load Horsepower at
50mph.

(D) AvPF + BvPF + CvPF  =  1
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(E) Derivation of AvPF, BvPF, and CvPF from known track coastdown

curves shall be computed as follows:

(1)
A PF

A (50)

A (50) B (2500) C (125,000)v
v

v v v

=
+ +

(2) 
B PF

B (2500)

A (50) B (2500) C (125,000)v
v

v v v

=
+ +

(3)
C PF

C (125,000)

A (50) B (2500) C (125,000)v
v

v v v

=
+ +

 (F) Default values:

AvPF  =  0.35

BvPF  =  0.10

CvPF  =  0.55

(    Coefficients   .  The coefficients Av, Bv, and Cv, from vehicle track

coast down testing, and referenced in the equations in this

section are those specified during new car certification, or

as specified by a vehicle class designator determined by

the Administrator.

(ii)            Vehicle Loading   .  The true vehicle loading used during the transient
driving cycle shall follow the equation in §85.2226(a)(2)(iii) between 10
and 60 mph.  The dynamometer controls shall set the dynamometer
loading to achieve the coast-down target time (±1 second) with the
vehicle on the dynamometer using the vehicle-specific inertia test
weights.  A conversion equation or table of target time versus horsepower
for the dynamometer design shall be used.  Target time shall be converted
to horsepower by the equation §85.2226(a)(2)(iv) or pre-defined
horsepower values may be used.

(iii)       TRLHP@ Obmph = {Av * Obmph} + {Bv * Obmph2} + {Cv * Obmph3}

Av, Bv, Cv = Coefficients specified in §85.2226(a)(2)(i) for vehicle
track coast down curves.

Obmph          =   Observed mph

TRLHP         =   Track Road Load Horsepower, which includes
loading contributions from the power absorber,
parasitic losses, and tire/roll interface losses.

(iii)     TRLHP         @50mph    .  In absence of new vehicle certification data, the 50

mph TRLHP shall be selected from the EPA I/M Look-up Table.  It
is based on the following equation:
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TRLHP

0.5 ETW

32.2
(V V )

550 ET

1
2

2
2

=

∗ ∗ −

∗

Where: ET = Elapsed time for the vehicle on the road to coast
down from 55 to 45 mph

ETW = Inertia Equivalent Test Weight in pounds

V1 = Initial velocity in feet/second

V2 = Final velocity in feet/second

V1
 = Initial velocity in feet/second (i.e., velocity at either 55 or 22 mph)

V2= Final velocity in feet/second (i.e., velocity at either 45 or 18 mph)v)    In practice, the true vehic

§85.2226(a)(2)(vi) may be used to convert track road-load horsepower
values in §85.2226(a)(2)(iii) to units of force.

(vi)       TRLF@ Obmph = {Af} + {Bf * Obmph} + {Cf * Obmph2}

TRLF        = Track Road-Load Force (in units of pounds)

Af             = 375 * Av    (Av in HP/mph units)

Bf             = 375 * Bv    (Bv in HP/mph2 units)

Cf             = 375 * Cv    (Cv in HP/mph3 units)
Af, Bf, Cf      = Equivalent force coefficients to the coefficients specified

        in §85.2226(a)(2)(i) for vehicle track coast down curves.

Appendix I

Derivation of Generic Tire/Roll Interface Losses
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Derivation of Dynamometer Tire/Roll Interface Losses

Generic Tire Roll Loss

(i)     Tire/Roll Interface Losses   .  Tire/roll losses include vehicle drivetrain
losses and may be determined on a vehicle and dynamometer
specific basis, or using the default values presented below.

(xii)       Tire/Roll Interface Losses   .  Generic tire/roll interface losses shall be
determined for each dynamometer design used, and applied to obtain
proper vehicle loading.  A means to select or determine the appropriate
generic tire/roll interface loss for each test vehicle shall be employed.
Dynamometer design parameters include roll diameter, roll spacing, and
roll surface finish.  Generic tire/roll interface losses may be determined by
the acceptance procedures in §85.2234(b)(4).  Alternatively, generic
values determined by the Administrator, or by a procedure accepted by the
Administrator, may be used.The equation in §85.2226(a)(2)(xiii) may be
used to quantify tire/roll interface losses.  Coefficients for equation in
§85.2226(a)(2)(xiii) shall be calculated to a minimum of five (5)
significant digits by the equations specified in §85.2226(a)(2)(xiii)(A)
through §85.2226(a)(2)(xiii)(I).  Tire loss power fractions determined from
track coast-down data shall be calculated to a minimum of two (2)
significant digits as specified in §85.2226(a)(2)(xiii)(J).  In the absence of
new car certification information or a vehicle class designator identifying
a tire loss power fraction, the default tire loss power fractions indicated
equations §85.2226(a)(2)(xiii)(E) through §85.2226(a)(2)(xiii)(I) shall be
used as specified in §85.2226(a)(2)(xiii)(J).

(ii) Tire losses shall be characterized by the following equation:

GTRL@ Obmph = {At * Obmph} + {Bt * Obmph2} + {Ct * Obmph3}

Where: GTRL = Generic tire/roll interface losses

At, Bt, and Ct are curve coefficients necessary to

properly characterize the relating tire/roll interface
losses and velocity

Obmph is the observed velocity in mph

(A)
A

A PF

50
GTRLt

t
@50mph= ∗

hp/mph

(B)
B

B PF

2500
GTRLt

t
@50mph= ∗

hp/mph2

(C)
C

C PF

125,000
GTRLt

t
@50mph= ∗

hp/mph3

(D)
A

0.76

50
GTRLt8 @50mph= ∗

hp/mph
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(E)
B

0.33

2500
GTRLt8 @50mph= ∗

hp/mph2

(F)
C

-0.09

125,000
GTRLt8 @50mph= ∗

hp/mph3

(G)
A

0.65

50
GTRLt20 @50mph= ∗

hp/mph

(H)
B

0.48

2500
GTRLt20 @50mph= ∗

hp/mph2

(I)
C

-0.13

125,000
GTRLt20 @50mph= ∗

hp/mph3

Where: At, Bt, and Ct are curve coefficients necessary to

properly characterize the tire/roll interface losses for any
roll size

AtPF, BtPF, and CtPF indicate the are fractions of the

total tire loss power fraction reflected by each coefficient
At, Bt, and Ct.at 50 mph

AtPF + BtPF + CtPF  =  1

GTRL@50mph = Generic tire/roll interface losses

At8, Bt8, and Ct8 are curve coefficients when using for
twin 8.625 inch diameter rolls using default values for
AtPF, BtPF, and CtPF

At20, Bt20, and Ct20 are curve coefficients when using

for twin 20.0 inch diameter rolls using default values
for AtPF, BtPF, and CtPF

Derivation of AtPF, BtPF, and CtPF from known track or vehicle
and dynamometer specific data shall be computed as follows:

A PF
A (50)

A (50) B (2500) C (125,000)t
t

t t t

=
+ +

B PF
B (2500)

A (50) B (2500) C (125,000)t
t

t t t

=
+ +

C PF
C (125,000)

A (50) B (2500) C (125,000)t
t

t t t

=
+ +
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 (J) Default values:

At8PF = 0.76

Bt8PF = 0.33

Ct8PF = -0.09

At20PF = 0.65

Bt20PF = 0.48

Ct20PF = -0.13

(iii)     Look-up Table   .  The vehicle specific values for GTRL at 50 mph
using the default values for At8PF, Bt8PF, Ct8PF, and At20PF,
Bt20PF, and Ct20PF, are contained in the latest version of the EPA
I/M Look-up Table.

(xiv)     In the absence of new car certification GTRL@ 50 mph or a vehicle class

designator, the GTRL@ 50 mph shall be calculated

(A)       by the equation in §85.2226(a)(2)(xv) when using twin
8.625 inch diameter rolls

(B)       by the equation in §85.2226(a)(2)(xvi) when using twin
20.0 inch diameter rolls

(xv)      For 8.625" dynamometers:
            GTRL@ 50 mph  =  (-0.378193) + {(0.0033207) * (DAXWT)}

Where:   DAXWT  =  Axle weight on the drive tires
GTRL@ 50 mph  =  Losses for 8.625 inch diameter roll

(xvi)     For 20" dynamometers:
            GTRL@ 50 mph  =  (0.241645) + {(0.0020844) * (DAXWT)}

Where:   DAXWT  =  Axle weight on the drive tires
              GTRL@ 50 mph   =   Losses for 20.0 inch diameter roll


